
CANYON FUEL COMPANY, LLC
SKYLINE MINE

c/,007/005

WASTE ROCK PILE EXPANSION
Deficiency Response

Task lD #2800

August 2007

File in:
Ll  (  orr l i r l t 'n t i : r l
U  S h e l l

For additional informatibn



EXHIBIT 2.3.I

The following pages are excerpts from the Skyline Mine Utah Pollutant Discharge
Elimination System (UPDES) permit - Permit No. UT0023540 - Minor Industrial. The pages
include a demonstration of a valid permit and the effluent limitations.

The permit is routinely updated. The complete and current permit is maintained on the
Mine site, and at the State of Utah, Division of Water Quality, Department of Environmental
Quality, Salt Lake City, Utah.



Permit No. UT0023540
I\{inor Industrial

STATE OF UTAH
DIVISION OF WATER QUALITY

DEPARTMENT OF ENVIRONMENTAL QUALITY
SALT LAKE CITY, UTAH

AUTHORIZAT']ON TO DISCHARGE UNDER THE

^.
In compliance with provisions of the l)rahWater Qualiry Act, Title 19, Chapter 5, IJtah Code Aryngtated

("\JCA") 1953, os o^endei (the "Acr'),

CANYON FUEL CON{PA}.rY, LLC - SK)TLINE IUINE
: . .

t  f  -  - -  r  ^ - - - ^ - - ! -  ^ . ^ l - .  ^ ^ - 'ls nereDy auuonzed to discharge from irs facility located at approximately seven (7) rniles south of Scofield, :

ututr up Eccles canyon, with the outfalls located at latitude 39'41 '05 " and longitude I I l" 13: 58" for 001, :

lat i rude39o41'05"andlongi tudel l lo09'0?' ' fot002, lat i tude39"43'10'andlongi tudel l lo09' l5 ' ' for003to
' receiving waters named

.--_

D 
creek and UP canYon creek

in accordance with discharge points, eflluent limirarions, monitoring requirements and other conditions set forth
:herein.

This modified permit shall become effective on June 8' 2007-

This permit and the authorization to discharge shall expire at midnight, November 30, 2009.

ruPpES)

Signed this 8s day of June 2007.

i:thorized P ermitting Official

Utah Water Quality Board
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PART I
Permit No. UT0023540

unauthorized location or failing to report an unauthorized discharge may be subject to criminal penalties
as provided under thelct.

002

EJIIuent
Characteristics
Flow, MGD
Total lron, mg/L
Oil & Grease, nEILV

003

Discharee Lim itations a/
Average DailY

30-Day 7-Dav N4aximum
NA NA NA
NA NA I.O
NA NA IO

Location of Discharge Point(s)

Outfall from sedimentation pond and minc
discharges to Eccles Creek. Latitude 39c4l'05!',
Longitude l l lol3'58".

Outfall from sedimentation pond at the lotrdout :

facility. Discharge is to Eccles Creek.Latitudc
39"41 '05n,Longi tude l l lo09 '07" ; ,

Outfall fiom sedimentation pond associated with
the waste rock disposal sitc. Discharge goes to
UP Canyon Creek. Lqtirude 39o43:10",
Longitudc l l lo09'15n. ,,  , :

Monitofin e R eouirem ents
Measurement Sample

Frequency TYPe

D.

Narrative Standard

It shall be unlawful, and a violation of this permit, for the perminee 1o discharge or place any wastc or
other substance in such a \r'ay as will be or malLccome oflensive such as unnatural deposits, floating
debris, oil, scum or olher nuisances such as colot, odor or laste, or cause conditions which producc
undesirable aquatic life or.n'hich produce objectionable tasles in edible aqualic organisrns; orresuh in :

concentrations or combinalions of substances which produce undesirable physiological responses in
desirable resident fish, or orher desirable aquaric life, or undesirable human health .F.ts, as determined
bybioassayoJother1estsPerfornedinaccordancewithstandardprocedures

Specific Limitations :and Selfmonitoring Requirements

1 . Effecrive immediarely and lasting tre duralion of this permit, perminee is authorized to discharge
from Ourfalts 001, 002 & 003. Such discharges shall be limited and monitored by the perminee as
specified below:

Total Suspended Solids,mdL 25 35 70
Total Dissolved Solids, mgllg/ 500 NA l3l0
Total Phosphorous, mgLfll NA NA NA

Weekly Jrleasured
2 x l,lonthly Grab
Weekly Grab
Weekly Grab
2 x Monthly Grab
Quartedy Grab

The pH shall nor be less rhan 6.5 standard units nor grealer than 9.O standard units in any sample
and shall be monitored weekly bya grab sample.

There shall be no visible sheen or floaring solids or visible foam in other rhan trace amounts.
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PART I
Permit No. UT0023S40

fiere shall be no discharge of sanitary wastes.

N.A. - Not Applicable.

?l See Definirions, Pan I.Afor definirion of terms.

h/ Oil and gtease shall be sampled lveekly ar 001. At 002 & 003 a visual inspection for oil
and greise shall be done at least twiceier month. If an oil and grease sheen is observed
visually a sample of that effluent shatl be taken immediately thereafter and oil and grease
shall not exceed l0 mg/L in concentration.

cl The TDS concentration from each of the outfalls shall nor exceed l3l0 mg/L as a daily
maximum limit. No lons per day loading limit will be applied if the concentration of ios
in the discharge is equal to or less than 500 mgll as a *rirty-day average. However, if Oe
30-day average concentration exceeds 500 mg/L, then rhe permittee calnnot discharge
more than 7.1 tons per day as a sum from all discharge points. Upon determination--Uy ttre
Executive Secretary that the perminee is not able to meet the 500 mg/L 30-day 

"n"oi" 
*

the ?.1 tons per day loading limit, the permittee is required to partici-pate in and/orfirnd a
salinity offset project to include TDS offset credits, wirhin six-tO) months of the effective
dare of rhis permit.

t
The salinity offset project shall include TDS credits on a ron-for-ton basis fon which the
perminee is over the ?.1 tons per day loading.limit. The lonnage reductionfrom the offset ̂
project must be calculated by a method simitar ro one used by it. NRCS, Colorado River I
Basin Salinity Control Forum, or orher applicable agency. 

- 

W

lf the permittee rruill be participating in the construcrion and implementation of a salinity
offset project, then a projec't description and implemenrarion sciedule shall be submitted
to the Executive Secretary within six (6) months of the effective dare of the pehil, which
will then be reviewed for approval. The salinity offset projecr descriprion and
implementation schedule must be approved Uyile Exeiurive Secretary and shall be
appended to this permit.

If the permittee is funding a salinity offset project rhrough third parries, the perminee shall
provide satisfactory evidence to the Executive Secrerary thar the requirei funds have been
deposited to the third pany within six (6) monrhs of the effective dale of the permit A
monitoring and adjustment plan lo uack rhe TDS credits sball also be subnriried ro rhe
Execulive Secretary within six (6) months of the effective dare of the permit, which will
then be reviewed for approval. The monitoring and adjusrment plan must be approved by
the Execurive Secrerary and shall be appended to this fermit.

)\4onthly TP sampling is required for rhe first year afrer rhe effecrive date of this permit. If
after a year of monthly sampling rhe TP concen$arions do not significanrly chanie, rhe
frequency of sarnpling may be reduced to quanerly evenrs for rhi remainder of tt'e permit
period' pending the perminee petitioning the Execurive Secretary ro do so. Ir is the
permittee's responsibility to petition the Executive Secretary, *ho may then approve,
partially aPprove' or deny the reguesl based on results and orher availible information. If-
approval is given, rhe modificarion rvill rake place withour a public notice. 

W

dt
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The plan view of the load-out sediment pond and the pond cross section with detailed construction

notes are shown in Map 3.2.I-4. Engineering calculations justifuing the 4:1 total slope design are

included in Volume 5. The stage volume curve is located in Section 13, Volume 5.

Decant structure and outlet pipe have been modified. The modification is shown on Map 3.2.1-4A.

Rock Disposal Sediment Pond

Asedimentpondis locatedat thewestendof thedisposals i te f f i that t reats

run-off from a water shed containing approximately 18.7 acres. Prior to an expansion in 2007,

approximately 5.8 I acres of disturbed area vffir reported to the sedimentation pond shown on Map

3.2.8-2. Although the disturbed area was expanded in 2007, the effective disturbed area (areas

absent of contemporaneous reclamation) is consistently less than approximately three (3) acres.

Precipitation from a 10 year, 24hour rainstorm is expected tobeffi 1.99 inches (NOAA data in

Analysis of Sedimentation Pond Capacity Following Waste Rock Expansion - April 2007, Volume

5, Section 15). with a total volume of QJ&O35,036 ft3 (See Table 1 of Analysis of Sedimentation

Pond Capacity Following Waste Rock Expansion - Aprll2007, Section 15, Volume 5).

The combination primary and emergency spillway was designed using a 10O 10 year, 24 hour

rainstorm event (Seetronr#tFoH NOAA data in Analysis of Sedimentation Pond Capacity

Following Waste Rock Expansion - April 2007, Volume 5, Section 15). Two rainstorm events were

modeled to determine which would have the largest peak runoff. They were the 25 year, 6 hour

event with 1*5 1.58 inches (S'cetiofi-2ff NOAA data rn Analysis of Sedimentation Pond

Capacity Following Waste Rock Expansion - April2007, Volume 5, Section 15) and the *0O 10

year,24 hour event with 3-5 1.99 inches (Section 2, Vol. 5). The peak runoff for the:f00 10 year,

24 hour and the 25 year,6 hour rainstorm event werc &fr211 .72 cfs and H*9 .22 cfs, respectively.

The hydraulic capacity of the pond (calculated in Analysis of Sedimentation Pond Capacity

Following Waste Rock Expansion - Aprll2007, Volume 5 , Section 15a of M&RP) indicates the

pond has the design capacity to contain the runoff from a l0-year, 24-hour precipitation event in



addition to approximately two (2) years of sediment yield. Furthermore, the combined primary and

secondary spillways have been designed to convey the peak flow from the 25-year, 6-hour

precipitation event that immediately follows the l0-year,24-hour event. In this scenario, the

discharge from the spillway was calculated to be 6.60 cfs at a velocity of 1.3 fps. The pond will also

contain runoff from a 1 00-year, 6-hour precipitation event. This discharge is considered non-erosive,

requiring no erosion protection to the embankment.

State Regulation R645-301-746.340 indicates a sediment pond at a refuse site needs to be designed

and operated so that at least 90 percent of the water stored during the designed precipitation event

will be removed within a 10-day period following the event. In the event that a lO-year, 24-hour

precipitation event (1.99 inches) occurs and the level of the water is above the decant pipe after 10

days, the pond will be drained to the level of the decant pipe.

Volume 5, Section 14 provides calculations and designs for drainage control ditches for the Waste

Rock site. Analysis of Sedimenation Pond Capacity Following Waste Rock Expansion - April20Q7 ,

(Volume 5, Section 15a of MRP) provides a demonstration that the disturbed area ditches are

adequately sized to accommodate the pile expansion.

lrceriry

irypinr

Revised: 811612007 3-1 8a



Therequiredvolumeforannua1sedimentstoragehasbeenestimated@

@10,330cub i c fee t (SeeAna1ys i so fSed imen ta t i onPondCapac i t y

Following Waste Rock Expansion - Aprl|2007, Section 15, Volume 5 and Map 3.2.8-4). The 100

percent sediment 'clean-out' marker is the 8-inch decant pipe located in the pond. Thercrigiaml

i o l 1s@The

landowner representative has requested tlmfthis a pond be left as a stock watering pond at

reclamation (see Section 4.I2\.

3.2.2 Overburden and Topsoil Handling

A comprehensive discussion pertaining to this operational component of the mine plan is presented

in Section 4.6 - TOPSOIL AND SUBSOIL HANDLING PLAN.

3.2.3 CoalProcessins

Maps 3.2.3-l and 3.2.3-lA are flow diagrams of the entire coal handling system. Designated

capacities represent maximum design capabilities necessary to handle surges in the system. The

average throughput, a substantially lower figure, is reflected in the annual production schedule.

Rt#ffi/9* Revi sed 8 / | 6 I 2007 J -Z )



The plan view of the load-out sediment pond and the pond cross section with detailed construction

notes are shown in Map 3.2.1-4. Engineering calculations justi$ing the 4:1 total slope design are

included in Volume 5. The stage volume curve is located in Section 13, Volume 5.

Decant structure and outlet pipe have been modified. The modification is shown on Map 3.2.I-4A.

Rock Disposal Sediment Pond

A sediment pond is located at the west end of the disposal site that treats run-off from a water shed

containing approximately 18.7 acres. Prior to an expansionin2007, approximately 5.81 acres of

disturbed area reported to the sedimentation pond shown on Map 3.2.8-2. Although the disturbed

area was expanded in 2007, the effective disturbed area (areas absent of contemporaneous

reclamation) is consistently less than approximately three (3) acres. Precipitation from a 10 year,

24hour rainstorm is expected to be 1.99 inches (NOAA data in Analysis of Sedimentation Pond

Capacity Following Waste Rock Expansion - April 2007 ,Volume 5, Section I 5). with a total volume

of 35,036 ft3 (See Table I of Analysis of Sedimentation Pond Capacity Following Waste Rock

Expansion - April 2007 , Section 15a, Volume 5).

The combination primary and emergency spillway was designed using a 10 year, 24how rainstorm

event (NOAA data in Analysis of Sedimentation Pond Capacity Following Waste Rock Expansion -

April2007, Volume 5, Section 15a). Two rainstorm events were modeled to determine which would

have the largest peak runoff. They were the 25 year,6 hour event with 1.58 inches NOAA data in

Analysis of Sedimentation Pond Capacity Following Waste Rock Expansion - April2007, Volume

5, Section 15a) andthe l0 year,24 houreventwith 1.99 inches. Thepeakrunoffforthel0 year,24

hour and the25 year, 6 hour rainstorm event were 11.72 cfs and9.22 cfs, respectively.

The hydraulic capacity of the pond (calculated in Analysis of Sedimentation Pond Capacity

Following Waste Rock Expansion - April2007, Volume 5 , Section l5a of M&RP) indicates the

pond has the design capacity to contain the runoff from a l0-year, 24-hour precipitation event in

addition to approximately two (2) years of sediment yield. Furthermore, the combined primary and

secondary spillways have been designed to convey the peak flow from the 25-year, 6-hour

precipitation

Revised: 811612007 3- l  8a



event that immediately follows the I 0-year ,24-hotx event. In this scenario, the discharge from the

spillway was calculated to be 6.60 cfs at a velocity of 1.3 fps. The pond will also contain runoff

from a 1OO-year, 6-hour precipitation event. This discharge is considered non-erosive, requiring no

erosion protection to the embankment.

State Regulation R645-301-746.340 indicates a sediment pond at a refuse site needs to be designed

and operated so that at least 90 percent of the water stored during the designed precipitation event

will be removed within a lD-day period following the event. In the event that a l0-year, 24-hour

precipitation event (1.99 inches) occurs and the level of the water is above the decant pipe after 10

days, the pond will be drained to the level of the decant pipe.

Volume 5, Section 14 provides calculations and designs for drainage control ditches for the Waste

Rock site. Analysis of Sedimentation Pond Capacity Following Waste Rock Expansion - April

2007 , (Volume 5, Section 15a of MRP) provides a demonstration that the disturbed area ditches are

adequately sized to accommodate the pile expansion.

The required volume for annual sediment storage has been estimated-at 10,330 cubic feet (See

Analysis of Sedimentation Pond Capacity Following Waste Rock Expansion - April2007, Section

15, Volume 5a and Map 3.2.8-4). The 100 percent sediment 'clean-out' marker is the 8-inch decant

pipe located in the pond. The landowner representative has requested a pond be left as a stock

watering pond at reclamation (see Section 4.12).

3.2.2 Overburden and Topsoil Handling

A comprehensive discussion pertaining to this operational component of the mine plan is presented

in Section 4.6 - TOPSOIL AND SUBSOIL HANDLING PLAN.

3.2.3 CoalProcessing

Maps 3.2.3-l and 3.2.3-lA are flow diagrams of the entire coal handling system. Designated

capacities represent maximum design capabilities necessary to handle surges in the system. The

average throughput, a substantially lower figure, is reflected in the annual production schedule.

Revised: 811612007 3-23



O Skyline Mine Task 2067 Bond Amount

Bonding Calculations

Direct Costs

Subtotal Demolition and Removal
Subtotal Backfilling and Grading
Subtotal Revegetation
Direct Costs

Indirect Costs
Mob/Demob
Contingency
Engineering Redesign
Main Otfice Expense
Project Mainagement Fee
Subtotal I ndirect Costs

Total Cost 2005

Escalation factor
Number of years
Escalation

Reclamation Cost Escalated

Bond Amount (rounded to nearest $1,000)
2009 Dollars

Posted Bond September 19, 2006

Difference Between Cost Estimate and Bond
Percent Difference

$1,936,268.00
$941,073.00
$876,537.00

$3,753,878.00

$375,388.00 10.0o/o
$187,694.00 5.0%
$93,847.00 2.5%

$255.264.00 6.80/o
$93,847.00 2.5%

$1,006,040.00 26.80/o

$4,759,918.00

4
0.012

$92,823.00

$4,852,741.00

$5,137,000.00

$5,137,000.00

$0.00
0.00%

Revised August 2007

Printed 812912007 File Name Total2800 redline.xls Pages 1
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Skyline Mine Task 2067 Bond Amount

Bonding Calculations

Direct Costs

Subtotal Demolition and Removal
Subtotal Backfilling and Grading
Subtotal Revegetation
Direct Costs

Indirect Costs
Mob/Demob
Contingency
Engineering Redesign
Main Office Expense
Project Mainagement Fee
Subtotal Indirect Costs

Total Cost 2005

Escalation factor
Number of years
Escalation

Reclamation Cost Escalated

Bond Amount (rounded to nearest $1,000)
2009 Dollars

Posted Bond September 19, 2006

Ditference Between Cost Estimate and Bond
Percent Difference

$1,936,268.00
$941,073.00
$876,537.00

$3,753,878.00

$375,388.00 10.0%
$187,694.00 5.0%
$93,847.00 2.50/o

$255,264.00 6.8%
$93,847.00 2.50/o

$1,006,040.00 26.8oh

$4,759,918.00

4
0.012

$92,823.00

$4,852,741.00

$5,137,000.00

$5,137,000.00

$0.00
0.00%

Revised August 2007
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EOPHYSICAL,

4 | 14 West 9950 North
Cedar Hills, Utah 84062

Phone 80 | -372-3685
Fax 80 l -785-5748

January 25,2007, revised luly 25,2007

Mr. Gregg Galecki,
Skyline Mines
HC 35 Box 380
Helper, Utah 84526

Dear Mr. Galecki,

This letter report summarizes the methodology and results of the soil survey conducted by
Clement Drilling & Geophysical, Inc. at the Waste Rock site, near Scofield, Utah.

NRCS Soil Data

The Waste Rock site and the surroundint area were evaluated using the United States
Department of Agriculture (USDA), Natural Resources Conservation Services' (NRCS) WEB
Soil Surrrey (WSS) utility. Figure | & la present the map generated by the utility with
annotation added showing the approximate location of the soil test pits.

The current NRCS data for the study area has been revised from the data presented in a
previous soils report titled Report of Vegetotion ond So/s, Proposed Woste Rock Disposol Site
Sky/ine Mine, dated November 1981, prepared by Endangered Plant Studies, Inc, Orem, Utah. ln
the 198 | report the soils on the north-facint mountain slopes were correlated to the Croydon
Series. The current NRCS soils data correlates the north-facing mountain slopes to the
Pathead Series as presented on Figure l. The Pathead Series was established in 1982 in Carbon
County, Utah. The soils correlated to the Trag Series in the | 98 | report are still correlated as
such in the current data. The official series descriptions for the Pathead and Trag soil series
that occur in the study area are presented in Appendix A.

Site Reconnaissance

During the initial site visit to the proposed Waste Rock site the perimeter of the site was hiked
and the staked and/or flagged boundaries of the site located. Several rraverses of the site were
made to determine the number of test pits necessaD/ to represent the site. The soils exposed
in several cuts in the hillside on the eastern portion of the site were inspected. The cuts
aPPear to be related to previous logging activities at the site. A cut exposing soils near the
southwest edge of the existing waste rock facility was also observed.

Soil Test Pits

Two soil test pits were excayated at the study area on December 8, 2006 at locations that
appeared to be representative of each of the two soil series in the study area based on the site



Slgline Mine Waste Rock Expansion Mr. Gregg Galecki

reconnaissance. The locations of the test pits are approximately located on Figure I and la and
coordinates collected using a GPS receiver are presented in the test pit logs. The test pits
were excavated by hand to a depth of approximately I meter. A propane burner was used to
thaw the uppermost, frozen soil to facilitate the excavation of the pits. The pits were logged
and photographed. The logs are presented in Appendix B and the photographs in Appendix C.
The soils observed in the test pits appear to generally correlate to the NRCS soil series map.
The lab analyses of the soil pits are located in Appendix D.

Please feel free to contact me if you have any questions regarding the results of the soil survey.
I appreciate the opportunity to work with you on this project.

Sincerely,
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Map Unit Legend Summary

Carbon Area" Utah, Parts of Carbon and Emery Counties

Map Unit Symbol Map UnitNa-rc : AcrcsinAOl PercentofAOl

Crrecanti famity-Pathead
complex

Falcon-Rock outcrop conrplex

Silas-Brycan loanrs

Uinta-Toze families complex

Trag-Bejc-Sendrert complcx

Figure 3
Soil Map Map Unit Legend



Appendix A
Soil Series Descriptions

LOCATfON PATHEAD UT



Established Series
REV: JMDiLDS/SSP
05t1999
PATHEAD SERIES'

The Pathead series consists of moderately deep, well drained, moderately permeable soils that
formed in slope alluvium and colluvium derived from sandstone and shale. These soils are on
benches and mountain slopes. Slopes range from25 to 80 percent. Average annual precipitation
is about 18 inches, and mean annual temperature is about 42 degrees F.

TAXONOMIC CLASS: Loamy-skeletal, mixed, superactive, frigid Typic Haplustepts

TYPICAL PEDON: Pathead extremely stony loam, rangeland. (Colors are for air-dry soil
unless otherwise noted.)

A--0 to 3 inches; brown (1OYR 5/3) extremely stony loam, dark grayish brown (1OYR 4/2)
moist; moderate medium subangular blocky structure; soft, very friable, slightly sticky and
slightly plastic; common very fine roots; few very fine pores; 5 percent angular gravel, 15
percent cobbles, 40 percent stones, and 5 percent boulders; strongly effervescent; carbonates are
disseminated, (13 percent calcium carbonate equivalent); strongly alkaline (pH 8.6); abrupt
smooth boundary. (2 to 7 inches thick)

Bw--3 to 14 inches;pale brown (10YR 613)very cobbly loam, brown (10YR 5/3) moist;
moderate medium subangular blocky structure; soft, very friable, slightly sticky and slightly
plastic; common very fine, few fine and medium roots; many very fine pores; 20 percent angular
gravel, 15 percent cobbles, and 5 percent stones; strongly effervescent; carbonates are
disseminated, (10 percent calcium carbonate equivalent); strongly alkaline (pH 8.8); clear
smooth boundary. (3 to 21 inches thick)

Bk--14 to 26 inches; pale brown (10YR 613) very cobbly loam, brown (10YR 5/3) moist;
moderate medium subangular blocky structure; soft, friable, slightly sticky, and slightly plastic;
conrmon very fine, few fine roots; few very fine pores; 20 percent gravel, 25 percent cobbles,
and 5 percent stones; strongly effervescent; carbonates are disseminated and segregated as
common thin coatings on lower sides of rock fragments, (I2 percent calcium carbonate
equivalent); strongly alkaline (pH 8.8); clear smooth boundary.(12 to 26 inches thick)

R--26 inches; sandstone.

TYPE LOCATION: Carbon County, Utah; about 2 miles north and 4 miles west of Helper;
1,100 feet north and 400 feet west of the SE corner of sec. 6, T. 13 S.. R. 9 E.

RANGE IN CHARACTERISTICS:
Soil moisture: The soil moisture control section is affected by precipitation that falls evenly
throughout the year with a significant peak during late summer and early fall.
Depth to lithic contact: 20 to 40 inches to sandstone



Depth to cambic horizon: 2to 6 inches
Depth to secondary calcium carbonate: l0 to 28 inches

Particle-size control section: 18 to 27 percent clay and 35 to 80 percent rock fragments

A horizon:
Value: 5 or 6 dry,3 to 5 moist
Chroma: 2 or 3
Calcium carbonate equivalent: I to 15 percent
Reaction: slightly alkaline to strongly alkaline

Bw horizon:
Hue :1OYR o r2 .5Y
Value: 5 or 6 dry,4 or 5 moist
Chroma: 2,3 or 4
Texture: very stony loam, very cobbly loam, very stony fine sandy loam, extremely channery
loam, very channery loam, stony loam or gravelly loam
Calcium carbonate equivalent: I to 15 percent
Reaction: moderately alkaline or strongly alkaline

Bk or BCk horizon:
Hue: IOYR or25Y
Value: 6 or 7 dry, 3 to 6 moist
Chroma: 2to 4
Texture: very cobbly loam, extremely cobbly loam, very channery loam, extremely channery
loam, extremely stony loam, very stony loam or very stony fine sandy loam, thin strata of
gravelly loam or gravelly fine sandy loam are in the upper part of this horizon in some pedons.
Calcium carbonate equivalent: 1 to 15 percent
Reaction: moderately alkaline or strongly alkaline

COMPETING SERIES: These are the Kadyeulch, Mowbra)', Repkie, Specie, Wilde, and
Wilspring series.
Kadygulch, Mowbray, Repkie, and Specie: do not have a lithic contact within 60 inches of the
mineral surface.

Wilde: has reaction more acid than pH7.4.

Wilspring: have soil moisture control sections that are affected by peak precipitation during the
spring.

GEOGRAPHIC SETTING:
Parent material: slope alluvium and colluvium derived from sandstone and shale
Landform: benches and mountain slopes
Slopes: 25 to 80 percent
Elevation: 6,600 to 9,400 feet
Mean annual temperature: 38 to 45 degrees F.



Mean annual precipitation: l6 to 22 inches, with a late summer peak
Frost-free period: 60 to 110 days

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Doney, Grobutte, Guben,
Rabbitex, and Sheepcan soils. Doney soils are fine-loamy. Grobutte soils lack bedrock within a
depth of 40 inches. Guben soils have a mollic epipedon, a calcic horizon, and lack bedrock
within 40 inches. Rabbitex soils have a mollic epipedon, a calcic horizon, and are fine-loamy.
Sheepcan soils are fine-loamy and lack bedrock within a depth of 40 inches.

DRAINAGE AND PERMEABILITY: Well drained; medium or high runoff; moderate
permeability.

USE AND VEGETATION: Used mainly for rangeland and wildlife habitat. Present vegetation
is Salina wildrye, black sagebrush, winterfat, bluegrass, pinyon, Utah juniper, curlleaf
mountainmahogany, and some poor quality Douglas-fir.

DISTRIBUTION AND EXTENT: Eastern Utah. LRR E, MLRA 47 and 48A.

MLRA OFFICE RESPONSIBLE: Lakewood, Colorado

SERIES ESTABLISHED: Carbon County, Utah, 1982.

REMARKS: Diagnostic horizons and features in this pedon include:

Particle-size control section: The zone from 10 to 26 inches. (Bw and Bk horizons)
Ochric epipedon: The zone from 0 to 3 inches. (A horizon)
Cambic horizon: The zone from 3 to 26 inches. (Bw and Bk horizons)
Secondary calcium carbonate: The zone from l4 to 26 inches. (Bk horizon)
Lithic contact: The contact with sandstone bedrock at26 inches. (R layer)

The cation exchange activity class was inferred from laboratory data from similar soils in the soil
survey area.

The classification was changed from Typic Ustorthent to Typic Haplustept May 1999.

Taxonomic version: Eighth Edition, 1998.

National Cooperative Soil Survey
U.S.A.

I http ://www2. ftw. nrcs. usda. eov/o sd/datlPlPATHEAD.html - I -2 5 -07



LOCATION TRAG

Established Series
Rev. DCM, GB, AP
0912000
TRAG SERIES2

CO+NM UT

The Trag series consists of very deep, well drained soils that formed in material weathered from
granite and schist. Trag soils are on mountains, slopes and fans. Slopes range from 1 to 40
percent. The mean annual precipitation is about 17 inches and the mean annual temperature is
about 45 degrees F.

TAXONOMIC CLASS: Fine-loamy, mixed, superactive, frigid Typic Argiustolls

TYPICAL PEDON: Trag sandy loam, rangeland. (Colors are for dry soil unless otherwise
noted.)

A--0 to 9 inches; dark grayish brown (lOYR 412) sandy loam, very dark brown (I}YR2l2)
moist; weak medium subangular blocks parting to moderate fine granular structure; soft, very
friable; slightly acid; clear wavy boundary. (4 to 15 inches thick)

BA--9 to 15 inches; brown (10YR 513) clay loam, dark brown (10YR 3/3) moist; weak medium
prisms parting to moderate medium subangular blocky structure; hard, firm; thin patchy clay
hlms; neutral; clear wavy boundary. (0 to 12 inches thick)

Bt--15 to 35 inches; brown (7.5YR 514) clay loam, dark brown (7.5YR 4/4) moist; moderate
medium prisms parting to moderate medium subangular blocky structure; very hard, firm; thin
nearly continuous clay films; neutral; clear smooth boundary. (16 to 34 inches thick)

C--35 to 60 inches; brown (7.5YR 5/4) sandy clay loam, dark brown (7.5YR 4/4) moist; weak
medium subangular blocky structure; very hard, friable; neutral.

TYPE LOCATION: Larimer County, Colorado; 2,350 feet east and 600 feet south of the NW
corner of Sec. 10, T. 7 N., R. 71 W.

RANGE IN CHARACTERISTICS:
Soil moisture: Ustic moisture regime.
Peak precipitation coming during the months of March through June.
Mean annual soil temperature: 45 to 47 degrees F
Mean summer soil temperature: 59 to 60 degrees F
Depth to secondary calcium carbonate: 40 or more inches
Particle-size control section (weighted average):
Clay content: 18 to 35 percent
Sand content: 30 to 65 percent
Rock fragments: 0 to 30 percent by volume
A horizon:
Hues: 7.5YR or 10YR
Value: 3 through 5 dry, 2 or 3 moist



Chroma: 2 or 3
Base saturation: 75 to 100 percent
Reaction: slightly acid to mildly akaline

BA horizon (if present):
Hues: 7.5YR or 10YR
Value: 3 through 6 dry,2 through 6 moist
Chroma: 2through4
Texture: clay loam, sandy clay loam, sandy loam, loam
Reaction: slightly acid to mildly alkaline

Bt horizon(s):
Hues: 7.5YR or 10YR
Value: 4 through 6 dry, 3 through 5 moist
Chroma: 2 through 6
Texture: clay loam, sandy clay loam, loam, silty clay loam
Clay content: 18 to 35 percent
Reaction: neutral to mildly alkaline
Bridging of clay between sand grains and clay films exist on vertical ped faces and in pores.

C horizon (if present):
Hues: 7.5YR or 10YR
Texture: clay loam, sandy clay loam, loam
Base saturation: 90 to 100 percent
Reaction: neutral to moderately alkaline

COMPETING SERIES: Absarook - calcium carbonate above 40 inches depth
Archmesa - moderately deep to bedrock
Bielenbere - deep to bedrock
Burtoner - moderately deep to bedrock
Clancy - moderately deep to bedrock
Clasoil - have hues as yellow as25Y
Dooley - calcium carbonate above 40 inches depth
Doughty - calcium carbonate above 40 inches depth
Empedrado - calcium carbonate above 40 inches depth
Fairfield - calcium carbonate above 40 inches depth
Famuf - calcium carbonate above 40 inches depth
Farside - lower elevations and more northemly latitudes
Felor - calcium carbonate above 40 inches depth
Greenway - calcium carbonate above 40 inches depth
Gurney - moderately deep to bedrock
Hangdo - formed in eolian material over alluvium
Hoopers - moderately deep to bedrock
Hyalite - lithologic discontinuity in Bt
Jeffcity - moderately deep to bedrock
Kokoruda - forested soil with O horizon



Livona - calcium carbonate above 40 inches depth
Martinsdale - calcium carbonate above 40 inches depth
Maudlin - moderately deep to bedrock
Meagher - calcium carbonate above 40 inches depth
Moen - moderately deep to bedrock
Moento - moderately deep to bedrock
Pianohill - moderately deep to bedrock
Placerton - moderately deep to bedrock
Reeder - moderately deep to bedrock
Reedwest - modrately deep to bedrock
Snakejohn - deep to bedrock
Tragmon - formed sandstone and shale parent material
Trazuni - redox features in the lower part
Ulrant - deep to bedrock
Vida - calcium carbonate above 40 inches depth
Watne - calcium carbonate above 40 inches depth
Watrous - moderately deep to bedrock
Williams - calcium carbonate above 40 inches depth
Yegen - calcium carbonate above 40 inches depth

GEOGRAPHIC SETTING: Trag soils are on mountain slopes and fans. Slopes range from 1 to
40 percent. The soil formed in material weathered from granile and schist thafhas been locally
transported in places. Elevation ranges from 6,800 to 8,900 feet. The soils are in a cool semiarid
climate with annual precipitation ranging from 15 to 22 inches. The mean annual temperature is
43 to 46 degrees F. The frost- free season is about 65 to 100 days. In New Mexico, precipitation
ranges to 22 inches with air temperatures down to 40 degrees F. and frost-free periods .rp to t tO
days.

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Boyle, Bruce, Ratake, and
Wetmore soils and the competing Farnuf and Moen soils. Boyle, nutut. *A fiV.tmore soils have
bedrock at depths of less than2} inches. Bruce soils are coarse-loamy.

DRAINAGE AND PERMEABILITY: Well drained; medium to rapid runoff; moderate to
moderately slow permeability.

USE AND VEGETATION: The soils are used for rangeland. Native vegetation is mainly blue
grama, big and little bluestem, junegrass, some forbs and shrubs, and widely spaced ponderosa
pine.

DISTRIBUTION AND EXTENT: Mountainous parts of Northem and central Colorado,
eastern utah, and central New Mexico. The series is of small extent.

MLRA OFFICE RESPONSIBLE: Lakewood, Colorado

SERIES ESTABLISHED: Larimer County, Colorado, 1975. Thename is a coined rulme.



REMARKS: This soil has:
Mollic Epipedon: The zone from 0 to 15 inches
Argillic Horizon: The zone from 15 to 35 inches
Prior to 211999 OSD update the classification was a Typic Argiboroll, fine-loamy, mixed. The
211999 update reclassified this series to a Pachic Argiustoll, fine-loamy, mixed, superactive,
frigid. Historically this series concept was not pachic. Therefore, in this update a one inch
reduction in the thickness of the mollic epipedon was incorporated and adjustment to the range in
characteristics to maintain the series concept as typic.

Taxanomic Version: Eighth Edition, 1998

National Cooperative Soil Survey
U.S.A.

2 http ://www2. ftw. nrcs. usda. gov/o sd/daVTlTRAG. html - | -25 -07



Appendix B
Soil Test Pit Logs
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Appendix C
Soil Test Pit Photographs
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Education

BS, Geology, Brigham Young

University, 1994

Professional Registrations

Professional Geologisc Wyoming #PG-
3 4 60, 2002 ; U tzh #5263 6 1 7 -2250,

2003

Continuing Education

40-hr OSHA HAZTVVOPER 1997

8-hr OSHA HAZIVOPER Refresher:
2002

MS Degree Coursework in

Hydrogeology/ Geophysics

Mine Safety Training Administration
Pan 48 (24-hr) New Miner Training
August 2005

Cnerc M. CtemENT, P.G.
Georocrsr

I have over thirteen years of experience as a geologisd environmental scientist and
have worked on projects fifteen states. Responsibilities have included utilizingvarious
geophysical methods to provide information regarding subsurface conditions and
properties. I have experience with teophysical methods including well logs, seismic
SASW and refraction, ground penetratint radar and electrical resistivity. Projects I
have worked on also include Environmental lmpact Statements, risk assessments
(used to evaluate threats ro human health and the environment); prepararion ofair,
surface water and groundwater discharge permit applications; and compliance
monitoring associated with the resultant permits. I have assisted with mining related
permitting including evaluating impacts to soil, groundwater and surface waste
resources. I am proficient with Trimble GPS equipment, including data loggers and
software for differential correction, and am familiar with Geographic Information
System (GlS) database management and ESRI ArcGlS software.

Geotoctc / GeopHvsrcAl REcoNNAtssANcE AND MapprNc

o V{ind Turbine Geotechnicol Investigotions: Abilene,Texas, ldoho Folls, ldoho
and tudith Gap, Montana. ProjeaGeologise Conducted down-hole seismic shear
wave suryeys and spectral analysis of surface waves (SASW) surveys to determine
shear and compression wave velocities for wind turbine foundation design using a
Geometrics SmartSeis S l2 seismograph. Proleca included investigating more than
175 turbine locations. Collected and interpreted seismic data and calculated the
bulk modulus, shear modulus, Poisson's rario and Young's modulus of the
subsurface materials.

. ProPosed Housing Development Foult Mopping: lockson Hole, Wyoming.
Projea Geologist Conducted bedrock mapping to establish fault locations ar the
proposed Elk Dance Estates using Geometrics SmartSeis S l2 seismograph and
seismic refraction modeling software. Collected and interpreted seismic data and
developed cross-sections for determining fault locations.

o tim Bridger Power Plont Ash Pond Exponsion Bedrockffiapping: Swefiilolter
County, Wyoming. Projea Geologisr Conducted bedrock mapping to establish
depth to bedrock and bedrock velocities using Geometrics SmartSeis Sl2
seismograph and seismic refraction modeling software. Collected and interpreted
seismic data and developed cross-sections for determining bedrock characteristics.

. Montono ond Wyoming Deportments of Tronspoftotion Projects Bedrock
Mopping: Montano ond Wyoming. Projea 6eologist Projeccs included Bigfork
North and South, U.S. Highway 93 Nonh, ClearwaterJuncrion, Carbon County
Line and l-90 slope failures near Sheridan, WY. Conducted bedrock mapping using
Geometrics SmartSeis 5l2 seismograph and seismic refraction modeling software.
Collected and interpreted seismic data and developed cross-sections for
determining depth to bedrock and bedrock rippability.

Poge I



CRAIG M. CLEMENT, P.G.

. CENEX ond ConocoPhillips Refinery Cross'Hole Heor Wove Seismic Surveys.' Lourel ond Billings, Montono. Prolect
Geologist Conducted cross-hole seismic surveys to determine shear and compression wave velocities for process equipment
foundation design using a Geometrics SmartSeis S l2 seismograph, a triaxial borehole geophone and a Ballard Borehole Seismic
Source. Collected and interpreted seismic data and calculated the bulk modulus, shear modulus, Poisson's ratio and Young's
modulus of the subsurface materials.

Narunet ResouRce Devetopmeur

o Godield V{etlands Monitoring Kennecott Utoh Copper: Mogna, Utoh. Project Geologise Assisted Kennecott in developing
monitoring protocols for sampling water, soil and macroinvertabrates in the North End Wetland Mitigation Area. Monitoring
was performed under an agreement with the U.S. Environmental Protection fuency (EPA) in order to evaluate potenrial impacts
of metals in the wetlands to avian species. Conducted monitoring and assisted Kennecott with reporr presentation and
rePresentation to meetings with the Technical Resource Committee and representatives from EP,\ U.S. Fish and Wildlife
Service, Utah Department of Environmental Quality, Friends of the Great Salt Lake and the local communiry.

o BLM BlockButte Pit 14CooILeose-by-ApplicotionEnvironmentollmpoctStotement (ElS): Poonio,Colorodo.Project
Scientrst. Responsible for preparing the Soil, SurfaceWater and Graoundwater Resources sections of the EIS and assessing
impacts of mining-related impacts on soil and water resources.

o USDA-Forest Service Dry Fold.r Cool Lease-by-Applicotion Environmental Imqoct Stotement (ElS): Poonio, Colorodo.
Project Scienasi Responsible for preparing the Water Resources sections of the EIS and assessing impacts of mining-related
subsidence on water resources.

. Bureou of Land Management (BLM) Pocotello Resource /Vlo nogement Plon (RMP): Southeostem ldaho. Projea Scientrsr
Prepared sections of the RMP related to soils and geolory. Evaluated soil types in the Pocatello District and potential impacts to
soil quality through activities conducred on BlM-administered lands.

. BLM Utah Fire Management PIon Environrnentol Assessments (EAs) and Land Use Plon Amendments EA: aJtolh. Prcject
Scientse Prepared sections of the RMP related to soils and geolory. Coordinated with BLM resource specialists across the state
of Utah to obtain information necessary for the Affected Environment and Environmental Consequence sections of the
documents.

r Dubois Fish Reartng Stotion Groundwdter Supply Evoluotion: Dubois, Wyoming. ProjeaGeologisl Evaluated potential
groundwater sources not influenced by surface water, recommended drilling locarions and designed test and production wells.
Conducted on-site oversight of drilling and well completion. Conducted well performance testing. Project resulted in two
flowing artesian wells to supply fish hatchery needs.

c Underground Mining lmpocts on Surfoce Woter Sources: Sevier County, Utah. Projea Geologist Conducted gain/loss
studies to characterize effects on perennial streams of proposed long-wall mining activity at the Box Canyon Tract of SUFCO
Mine. The Project involved stream gauging and water qualiry monitoring to evaluate potential impacrs of underground mining on
the west and east forks of Box Canyon Creek.

Waren Resounce I NvesrlcarroN
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o BearClowRonchGroundwaterStudyEvoluotion;SheridonCounty,Wyoming.StoffGeologjstConductedanevaluationofa
regional geologic and hydrogeologic setting. Developed alternatives for supplying groundwater to meet ranch water supply
requirements.

o Cool Leose Areo Seep ond Spring Survey.' Scofield, Ut,oh. Project Geologist Conducted a seep and spring survey as part of
baseline data collection for a proposed coal lease area. Located all seeps and springs in the l2-square mile lease area, and
collected water quality data at each site. Mapped the sites using GPS coordinates. Baseline data was incorporated inro an
environmental impact study.

Geoc pHtc INFoRMATToN Svsrems Senvrces

Serninoe ond Pioneer Pipe Unes Geotechnical Survey: Utoh ond Wyoming. Projea Geologist Conducted a geotechnical

survey of over 600 miles of pipeline to identifi areas of potential instability, pipeline exposures due to erosion and other threats
to pipeline integrity. Compiled data in a GIS database with geologic and topographic information to identiff areas requiring field
inspections. Results of the field inspections were recorded and located using GPS equipment and added to the GIS database.
Areas of concern were ranked based on potential threat to the pipeline.

Boy Scouts of Americo Camp GPS Mopping: Surnmit County, Utoh. Projea Geo/ogist Mapped new and existing camp
facilities (using GPS equipment) at Bear West Company Boy Scoucs of America Camp Steiner. Compiled existing base map
information mapped features, aerial photography and U.S. Geological Survey (USGS) topographic maps into GIS database.
Produced maps for environmental assessment scoping document and public meetint presentation.

Pioneer Pipe Line GPS Mapping: Utoh ond Wyoming. Projea Geo/ogisa Conducred helicopter-borne GPS mapping of
potential routes for the Pioneer Pipe Line, and evaluated potential slope instabilities along the proposed route.

AgaNoor.rED MINE Reclemarrox

o Abondoned Uranium Mines Location and Evaluation: Utoh. Field Technician. Work performed for Bureau of Land
Management. Mines were prioritized for reclamation based on health and safety criteria, including measured radiation levels.
Collected data using Trimble GPS systems and compiled it into a GIS database after differential correction.

PnoressroNAL I NsrRucrtoN
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INTRODUCTION

Canyon Fuel Company is planning to expand the Skyline Mine's waste rock site. The cunent

waste rock site is located about one mile southeast of the town of Scofield, Utah. The proposed

new expansion site is east and adjacent to the current waste rock area (see attached Vegetation

Map). Elevation of the expansion site ranges from 7,870 to 8,170 ft above sea level. Slope

exposure is primarily north, northwest and west with angles from 20 to 25 degrees. The plant

communities that would be impacted by the new site are sagebrush/grass and aspen.

Because site planning and designs were finalizedlate in the 2006 growing season, it was too late

to record credible quantitative vegetation data for permitting purposes at that time. Therefore, a

preliminary report was written that included qualitative information about the proposed new

waste rock site including the sample plan and designs that would be implemented in2007 when

the sample season was more appropriate for credible data. The 2006 report was called:

Preliminary Vegetation Report for the Proposed Waste Rock Expansion Site for the Slqtline

Mines.

The purpose of this report is to provide additional information and followup quantitative data

for the plant communities that would be impacted by expansion of the proposed new waste rock

site. It also provides locations and data for reference areas chosen to represent future

revegetation success standards following final reclamation.



METHODS

Methodologies used for this study were performed in accordance with the guidelines supplied by

the State of Utah, Division of Oil, Gas and Mining (DOGM). Quantitative and qualitative data

were taken in the plant communities that have been proposed for disturbance and reference areas

chosen to represent them. These data sets were recorded May 30 - June 1,200'l.

The proposed waste rock expansion site was mapped and staked in the field by Canyon Fuel prior

to the vegetation field work. The reference areas chosen were approximately one acre in size and

was marked in the field using a GPS instrument. The sample area coordinates for the proposed

disturbed and reference areas are siven below.

GPS COORDINATES FOR
SKYLINE MINE

WASTE ROCK EXPANSION AREA

Waypoint
Name

Zone Easting Northing Notes

CFSPDS 125 04871 00 4396364 Proposed Disturbed
Sagebrush/Grass

CFSSRF 125 0487176 4396286 Sagebrush/Grass
Reference Area

CFSPDA 125 04871 83 4396424 Proposed Disturbed
Aspen

CFSARF 125 0487305 4396384 Aspen
Reference Area



S amplin g Desi gn and TransecVOuadrat Placement

Transect lines for vegetation sampling were placed randomly within the boundaries of the

proposed disturbed and reference areas. The transect placement technique was employed with

the goal to adequately sample a representative subset of the entire site as a whole. Once the

transects were established, quadrat locations for sampling were chosen using random numbers

from the transect lines with the objective to record data without preconceived bias.

Cover and Composition

Cover estimates were made using ocular methods with meter square quadrats. Species

composition, cover by species, and relative frequencies were also assessed from the quadrats.

Additional information recorded on the raw data sheets were: estimated precipitation, slope,

exposure, grazinguse, animal disturbance and other appropriate notes. Plant nomenclature

follows "A Utah Flora" (Welsh etaI.,2003).

Woody Species Densitv

Density of woody plant species for the proposed disturbed and reference areas was estimated

using the point-quarter method. In this method, random points were placed on the sample sites

and measured into four quarters. The distances to the nearest woody plant species were then

recorded in each quarter. The average point-to-individual distance was equal to the square root



of the mean area per individual. The number of individuals per acre was the end results of the

calculations.

Sample Size & Adequacv

Sampling adequacy for cover and density was attempted by using the formula given below.

where,

= minimum adequate sample
= appropriate confidence t-value
= standard deviation
= sample mean
= desired change from mean

Statistical Anal)'ses

Student's t-tests were employed to compare the total living cover and total woody species density

of each proposed disturbed borehole site with its reference area.

nMlN
t
S
X
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Photographs

Color photographs of the sample areas were taken at the time of sampling and have been

submitted with this report.

Threatened & Endangered Plant Species

Prior to recording quantitative data on the plant communities, a sensitive plant species survey

was conducted.

Raw Data

The raw data for cover and frequency have been summarized on spreadsheets and were included

in the Appendix of this report.

RESULTS

Proposed Disturbed Sagebrush/Grass Community

A sagebrush,/grass plant community would be impacted by construction of the waste rock

expansion site for the Skyline Mines (see PHOTOGRAPHS). The quantitative sampling

sunmary for species cover of this community is shown on Table 1. It indicates that the dominant



shrub species of the area were Vasey sagebrush (Artemisia tridentata var. vaseyana),low

rabbitbrush (Chrysothamnus viscidiflorus) and snowberry (Symphoricarpos oreophilus).

Individual forb species covers were not as high as the shrubs mentioned above, but collectively,

the forbs were well-represented. Some of the more common forbs were balsamroot

(Balsamorhiza sagittata), Watson's penstemon (Penstemonwatsonii) and longleaf phlox (Phlox

longifolia). Grasses were also important in the sagebrush/grass coflrmunity; the most common

grass species present were bluebunch wheatgrass (Elymus spicatus) and Sandberg's bluegrass

(Poa secunda).

The total living cover for the proposed disturbed sagebrush/grass community was estimated at

67.17% (Table 2-A). The composition of the living cover by lifeform, was comprised of 45.80%

shrubs, 27.68% grasses and25.11% forbs (Table 2-B). The woody species density measurements

indicated that there were 7,539 individuals per acre with the most important species being Vasey

sagebrush, snowberry and low rabbitbrush (Table 3).

Sagebrush/Grass Reference Area

A reference area was sampled to be compared with the sagebrush/grass community that would be

impacted by disturbance (see PHOTOGRAPHS). The same reference area could also be used for

comparisons with the waste rock site's revegetated land following final reclamation. At that

time, it would be used to establish revegetation success standards.
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Table 4 shows the cover of the sagebrush/grass reference area by species. Like the area proposed

for disturbance, Vasey sagebrush dominated the shrub cover, but by a greater margin. Most

common forbs in the reference area were balsamroot, longleaf phlox and silky lupine (Lupinus

sericeus). Once again, the most common grass species hete were bluebunch wheatgrass and

Sandberg's bluegrass.

The total living cover for the reference area was estimated at 64.83oh (Table 5-A), of which was

comprised of 40.2I%;o shrubs, 32.28% forbs and 27.5lyo grasses (Table 5-B). The woody species

density of the area was 6,124 individuals per acre and was dominating by Vasey sagebrush, but

low rabbitbrush and snowberry were also important (Table 6).

Proposed Disturbed Aspen Community

Another plant community proposed for disturbance by waste rock expansion construction was an

aspen forest (see PHOTOGRAPHS). Accordingly, aspen (Populus tremuloides) trees were

common in the overstory cover (Table 7). The dominate woody understory species was

snowberry. Several forb species were present in the sample quadrats, the most common were

Lanszwert's sweetpea (Lathyrus lanszwertii), tall bluebell (Mertensia arizonica) and westem

coneflower (Rudbeckia occidentalis). Prevalent grass species in this community were mountain

brome (Bromus carinatus), Sandberg's bluegrass and bluebunch wheatgrass.

The total cover values in the proposed disturbed aspen community have been listed in Table 8.



Overstory cover was estimated at 1l.l7yo, whereas understory was70.l7Yo - combined they

created a total living cover of 81.33% (Table 8-A). The composition of the understory cover was

comprised of 42.32% grasses, 37.43% forbs and 20.25% trees and shrubs (Table 8-B). The total

woody species density was 1,844 individuals per acre (Table 9), and was comprised of

snowberry, aspen and Wood's rose (Rosawoodsii).

Aspen Reference Area

The aspen community chosen to be used for future revegetation success standards was located

nearby, but outside that of which has been proposed for disturbance by the waste rock expansion

(see PHOTOGRAPHS). This community had an overstory cover of 20.17Yo, and was comprised

of aspen trees (Table 10). Understory woody species present in the sample quadrats were aspen

and snowberry. The understory forb cover consisted of several species, the most common being

Lanszwert's sweetpea and northern bedstraw (Galium boreale). Like the above community, the

most common grasses were Sandberg's bluegrass, mountain brome and bluebunch wheatgrass.

The living plant cover consisted of 20.I7% overstory species and68.67% understory. With the

two combined, the total living cover was 88.83% (Table 11-A). The composition of the

understory was comprised of 56.60% forbs, 32.95% grasses and 10.45%o shrubs (Table 11-B).

Woody species density totaled I,457 trees and shrubs per acre and was entirely aspen and

snowberry - both nearly equally represented for this parameter.



Threatened & Endangered Plant Species Survey

No threatened, endangered, endemic or otherwise sensitive plant species were found in the

sample areas.

Table 1: Cover, standard deviation and frequency by species of the



Table 2: Mean total cover, composition, standard deviation and
samnle size at the Skvline Mine Waste Rock Site (2007).
Proposed Disturbed Sagebrush/Grass Community Mean Standard Sample

@lze
A. TOTALCOVER
Understory
Litter
Bareground
Rock

B. % COMPOSITION
Shrubs
Forbs
Grasses

67.17
12.97
10.80
9.07

45.80
25.11
27.68

10.62
6.42
9.71
7.89

21 .70
18.57
17 .21

30
30
30
30

30
30
30

Table 3: Woody Species Density of the Skyline

Disturbed rass Commun

Amelanchier

tidentata

Per Acre

3957.
1633.

62.

1
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Table 4: Cover, standard deviation and frequency by species of the

Sagebrush/Grass Reference Area

var. vaseyana
nauseosus
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Table 5: Mean total cover, composition, standard
deviation and sample size at the Skyline Mine Waste
Rock Site (200il.
Sagebrush/Grass Reference Area Mean Standard

Devial ion
Sample

Size
A. TOTALCOVER
Understory
Litter
Bareground
Rock

B. % COMPOSTilON
Shrubs
Forbs
Grasses

64.83
10.33
13.00
't 1.83

7.24
5.76
7.26
5 5 5

19.42
16.49
16.08

40 21
32.28
27.51

30
30
30
30

30
30
30

Table 6: Woody Species Densify of the Skyline

Reference Area
Species

tridentata

Individuals
Per Acre

t2



Table 7: Cover, standard deviation and frequency by species of the
Stvline wtine Waste
Proposed Disturbed Aspen Community



Table 8: Mean total cover, composition, standard deviation
and samnle size at the Skvline Mine Waste Rock Site (200D.
Proposed Disturbed Aspen Community Mean Standard

Deviation
Sample

Size
A. TOTALCOVER
Overstory (O)
Understory (U)
Litter
Bareground
Rock
O + U

B. % COMPOSITION
Trees & Shrubs
Forbs
Grasses

11 .17
70.17
14.33
1 3 . 1 3
2.37

81 .33

17.59
7.90
8 .15

1 0 . 1 9
5.23

17.32

22.98
19.55
21.30

30
30
30
30
30

30
30
30

20.25
37.43
42.32

Table 9: Woody Species Density of the Skyline

Disturbed Community
Species lndividuals

Per Acre
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Table 10: Cover, standard deviation and frequency by species of the

Reference Area



Table 11: Mean total cover, composition, standard deviation and
sample size at the Skvline Mine Waste Rock Sitd2007).
Aspen Reference Area
A. TOTALCOVER
Overstory (O)
Understory (U)
Litter
Bareground
Rock
O+U

B. % COMPOSTTTON
Shrubs
Forbs
Grasses

20.17 20.59
68.67 9.48
25.33 9.03
4.63 2.69
1 .37  0 .91

88.83 22.16

10.45
56.60
32.95

13.12
15.63
14.15

Table 12: Woody Species Density of the Skyline

Aspen Reference Area
Individuals

Per Acre

I6



SUMMARY & GONCLUSIONS

Data of plant communities that have been proposed for disturbances caused by construction for

expansion of the waste rock site were compared statistically with their reference areas, or similar

communities chosen to represent future revegetation success standards. Figure I shows the

results of Student's t-test analyses of total living covers. When the total living cover of the

proposed disturbed sagebrush/grass community was compared to its reference area, the

difference was non-significant statistically (Figure 1). Similarly, when the total living cover of

the proposed disturbed aspen community was compared to its reference area, the difference here

was also non-significant.

Woody species densities of those communities proposed for disturbance were also compared

with their respective reference areas (Figure 2). Results of statistical comparisons suggest that

there was no significant difference between the proposed disturbed sagebrush/grass community

and its reference area. The same non-significant findings were suggested by statistical

comparisons of woody species density between the proposed disturbed aspen community and its

reference area.

In conclusion, results from quantitatively sampling those plant communities proposed for

disturbance and their respective reference areas have been submitted in this report. Specific

parameters of these communities have been compared statistically with results suggesting that the

I7



reference areas chosen for revegetation success standards at the time of final reclamation may be

appropriate.

FIGURE l. A statistical comparison (Student's t-tests) of the total living
cover between the proposed disturbed and reference areas.

sn t df SLx

Sagebrush/Grass
Prooosed Disturbed:
Reference Area:

t-test

67.17
64.83

10.62
7.24

30
30

0.997 58 N.S.

Aspen
Proposed Disturbed:
Reference Area:

t-test

81 .33
88.83

17.32
22.16

30
30

1.46'l

x : mean
s = standard deviation
n = sample size
t = Student's t-value
df = degrees of freedom
SL= Significance Level
N.S.=Non-Significant
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FIGURE 2. A statistical comparison (Student's t-tests) of the woody
species density between the proposed disturbed reference areas.

X

Sagebrush/Grass
ProoosedDisturbed: 7538.87
Reference Area: 6124.23

t-test

sn t df SL

3486.44
2358.70

1.841

30
30

Aepen
Prooosed Disturbed:
Reference Area:

t-test

1844.02 1135.23
1457.22 1422.19

30
30

1.164

x = mean
s = standard deviation
n = sample size
t = Student's t-value
df = degrees of freedom
SL= Significance Level
N.S.=Non-Significant
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COLOR PHOTOGRAPHS
OF THE

SAMPLE AREAS
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Photo 1: Proposed Disturbed Sagebrush/Grass

Photo 2: Sagebrush/Grass Reference Area



Photo 3: Proposed Disturbed Aspen

Photo 4: Aspen Reference Area





APPENDIX

(Raw Data)



CANYON FUEL
Skyline Mine
Proposed Disturbed Sagebrush/Grass
Proposed Waste Rock Site
Exposure: 25 deg
Slope: WSW
Sample Date: 30 May 2007 1.00 2.00 3.00 4.00 5.00 6.00 7.00

UNDERSTORY

TREES & SHRUBS

Amelanchier ufahensis

Aftemisia tidentata var. vaseyana

Ch ry soth amn u s vi scidifloru s

Purshia tridentata

Sy m p h o ica rpo s o reop h i I u s

FORBS

Agoseris glauca

Antennaria paruifolia

Bal samorh iza sagittata

Cirsium sp.

Cy nog lo ss u m offici n ale

Delphinium nuftallianum

Eigeron engelmannii

Eriogonum umbellatum var. majus

Hedysarum boreale

Lupinus senbeus

Penstemon watsonii

Phlox longifolia

Senecio sp.

Taraxacum officinale

Wyethia amplexicaulis

GRASSES

Elymus salinus

Elymus sprbafus

Koeleia macrantha

Poa secunda

0.00
20.00
15.00
0.00
0.00

5.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
5.00
0.00
0.00
0.00
0.00

0.00
10.00
0.00
0.00

5.00
20.00
10.00
0.00
0.00

0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0 0 0
0.00
0.00
0.00
0.00

0.00
0.00
0.00
5.00

5.00
30.00
20.00
0.00
0.00

0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00

10 00
0.00
0.00
0.00
0.00

0.00
0 0 0
0.00

10.00

0.00
5.00
0.00
0.00

10.00

s.00
0.00

10.00
5.00
0.00
0.00
0.00
0 0 0
0.00
5.00
0.00
5.00
0.00
0.00
0.00

0.00
10.00
0.00

10.00

0.00
15.00
15.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 0 0
5.00
0.00
0.00
0.00

0.00
20.00
0.00

15.00

0 0 0
0 0 0
5.00
0.00
0.00

15.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

15.00
0.00
0.00
0.00

0.00
0.00

25 00
20.00

0.00
30.00
20.00
0,00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0 0 0
0 0 0

5.00
0.00
0.00
0.00

COVER
Understory
Litter
Bareground
Rock

60 00
25.00
10.00
5.00

65.00
'10.00

15.00
10.00

80 00
5.00
5.00

10.00

80.00
5.00
5.00

10.00

65.00
't5.00

10.00
10.00

65.00
15.00
10.00
10.00

75.00
't5.00

5.00
5.00

% COMPOSITION

Shrubs

Forbs

Grasses

53.85
30.77
'15.38

58.33
33.33
8 3 3

73.33
13 .33
13.33

23.08
46 .15
30.77

37.50
18.75
43.75

6.25
37.50
56 25

76.92
15.38
7.69
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8.00 9 0 0 10.00 1'1.00 12.00 13.00 14.00 15.00 '16.00 17.00

0.00
40.00
5.00
0.00
0.00

0.00
0.00
0.00
0.00
0 0 0
0.00
0 0 0
0.00
0.00
0.00
5.00
5.00
0.00
0.00
0 0 0

0.00
20.00
0.00
0.00

0.00
0.00

10.00
0.00

10.00

0.00
5.00
0 0 0
5.00
0.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00
0 0 0
0.00

0.00
0.00

30.00
0.00

0 0 0
5.00
0.00
0 0 0
0.00

0.00
0.00

20.00
0.00
0.00
0.00
0.00

10.00
5.00
0.00
5.00
0.00
0.00
0.00
0.00

0.00
15.00
5.00
0.00

0.00
35.00
0.00

15.00
15.00

0.00
0.00
5.00
0.00
0.00
5.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
10.00
0.00
0.00

0.00
0.00

15.00
0.00

15.00

0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00

0.00
30.00
10.00
0.00

0,00
15.00
5.00
0.00

10.00

0.00
0.00

15  00
0 0 0
0 0 0
0.00
0 0 0
0.00
0 0 0
0.00
0.00
0.00
0,00
5.00
0.00

0.00
5.00
0.00
0.00

0.00
0.00
5.00
0.00

25.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
20.00
0.00

20.00

0.00
15.00
10.00
0 0 0
0.00

15.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00

0.00
30.00
0.00
0.00

25.00

0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0 0 0

10.00
0.00
0 0 0

0.00
0 0 0
0.00

10.00

0.00
30.00
0.00
0.00
0.00

0.00
0.00
0.00
0 0 0
5.00
0.00
0.00
0.00
5.00
0.00
0.00
5.00

10.00
0 0 0
0.00

0.00
10.00
0.00
5 0 0

75.00
10.00
10.00
5.00

65.00
10.00
15.00
10.00

65.00
10.00
20.00
5.00

85.00
10.00
4.00
1 .00

80.00
10.00
9.00
1 .00

55.00
15.00
25.00
5.00

70.00
25.00
4 0 0
1.00

50.00
10.00
30.00
10.00

85.00
10  00
4.00
1.00

70.00
20.00
5.00
5.00

60.00
13 .33
26.67

30 77
23.08
46 .15

7.69

61 54

30.77

76.47
11.76
11.76

37.50
12.50
50.00

54.55
27.27
9.09

42.86
0.00

57.14

50.00
30.00
20.00

64 71
23.53
11  76

42.86
35.71
21 .43
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18.00 19.00 20.00 21 .O0 22.O0 23.00 24.00 25.00 26.00 27.00

0.00
10.00
10.00
0.00

20.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.00

10 00
0.00
0.00
0.00
0.00

0.00
15  00
0.00
0.00

0.00
10 00
25.00
0.00
0.00

0.00
0.00

15.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00

10.00
0.00
0.00
0.00

0.00
30.00
10.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00

0.00
10.00
0.00

15.00

0.00
0.00

10.00
0.00

20.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00

0.00
30.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

5.00
5.00
0.00
0 0 0
0.00
5.00
0.00
5.00
0 0 0
5.00

10.00
10 00
0.00
0.00
0.00

5.00
0.00
0.00
0.00

0.00
10 00
25.00
0 0 0

10.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00

0.00
10.00
0.00
0.00

0.00
15.00
25.00
0.00
0 0 0

0.00
0 0 0

10.00
0.00
0.00
0 0 0
0.00
0.00
s.00
0.00

10.00
0.00
0.00
0 0 0
0.00

0.00
0.00
0.00
5.00

0.00
20.00
15.00
0.00
5.00

0.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0.00

10.00
0,00
0.00
0.00
0.00
0.00
0.00

0.00
20.00
0.00
0.00

0.00
25.00
5 0 0
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0 0 0

15.00
0.00
0.00
0.00
0.00

0.00
20.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
5.00
0.00
0.00

20.00

0.00
0.00

10.00
15  00

70.00
10.00
5.00

15.00

60.00
15.00
15.00
10.00

70.00
10.00
5.00

15.00

65.00
25.00
5.00
5.00

50.00
10.00
5.00

35 00

60.00
10.00
5.00

25.00

70 00
5.00

10 00
15.00

70.00
5.00
5.00

20.00

65.00
10.00
5.00

20.00

60.00
20.00
15.00
5.00

57 .14
21 .43
21 .43

58.33
25.00
16.67

57.14
7 .14

35.71

46.15
7.69

46  15

0.00
90.00
10.00

75.00
8.33

16 67

57.14
35.71
7 .14

57.14
14 29
28.57

46.1 5
23.08
30.77

0 0 0
25.00
41.67

A-3



28.00 29 00 30.00 Mean SDev Freq

CANYON FUEL
Skyline Mine
Sagebrush/Grass
Proposed Waste Rock Site
Exposure: 25 deg
Slope: WSW
Sample Date: 30 May 2007

30.00
20.00
0.00
0.00
5.00

0.00
0.00
0.00
0 0 0

10.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

20.00

0.00
5.00
0.00
0.00
5.00

0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0 0 0
30.00
0.00
0.00

0.00
20 00
0.00
0.00
0.00

0.00
0.00

20.00
0.00
0.00
0.00

10.00
0 0 0
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00

0.00
10.00
0.00
0.00

1 .33
't5.17

8.67
0.50
5.83

1.83
0.33
3 5 0
0.33
0 5 0
0.50
0.33
0.50
1 .50
0.83
2.83
2.67
0.67
0.'17
0.67

1 .00
9.83
2.67
5.00

5.47
12.01
8.26
2.69
807

4 . 1 8
1 .25
6.34
't 25
1 .98
1 .50
1 .80
1 .98
3.20
2.27
4.4',1
3.82
2.49
0.90
3.59

2.7'l
9.96
7 1 6
7.07

10.00
76.67
66.67
3.33

43.33

20.00
6.67

26.67
6.67
6.67

10.00
3.33
6.67

20.00
13.33
33.33
40.00
6.67
3.33
3.33

13.33
60.00
16.67
40.00

UNDERSTORY
TREES & SHRUBS
Amelanchier utahensis
Artemisia tidentata van vaseyan.
C h ry soth a m n us viscidrflorus
Purshia tridentata
Sym p h o ri ca ryos ore oph i I u s

FORBS
Agoseris glauca

Antennaria paruifolia

Bal samorh iza sagittata
Cirsium sp.
Cynoglossu m off i ci n ale
Delphinium nuttallianum
Erigeron engelmannii
Eiogonum umbellatum var. maju:
Hedysarum boreale
Lupinus senbeus
Penstemon watsonii
Phlox longifolia
Senecio sp.
Taraxacum officinale
Wyethia amplexicaulis

GRASSES
Elymus salinus
Elymus sprbafus
Koeleia macrantha
Poa secunda

85 00
10.00
4.00
'1.00

40.00
9.00

50.00
1 .00

60.00
30.00
9.00
1 .00

't0.62

6.42

9.71

7.89

67.17

12.97

10.80

9.07

COVER
Understory
Litter
Bareground
Rock

64.71

11.76

23.53

25.00
0.00

75.00

33.33
50.00
16.67

45.80
25.11
27.68

21 70
18.57
17 .21

% coMPoslloN
Shrubs
Forbs

Grasses

A-4



CANYON FUEL
Skyline Mine
Sagebrush/Grass Reference Area
Proposed Waste Rock
Exposure: 25 deg
Slope: WSW
Sample Date: 30 May 2007 1 .00 2.OO 3.00 4.00 5.00 6.00 7.00

UNDERSTORY
TREES & SHRUBS
Amelanchier ulahensis
Ademisia tridentata var vaseyana
C h ry soth am n us nauseosus
Purshia tidentata
Sy m p h orica rpo s ore op h i I u s

FORBS
Agoseris glauca
Antennaia parvifolia
Balsamorhiza sagittata
Cirsium sp.
Delphinium nuttallianum
Eriogonum umbellatum var. majus
G ayophytum ramosissimum
Hedysarum boreale
Lupinus senbeus
Penstemon watsonii
Phlox longifolia
Senecrb sp.

GRASSES
Elymus salinus
Elymus spicatus
Koeleia macrantha
Poa secunda

0.00
5 0 0

10 00
0.00
0.00

0.00
0.00

35.00
0 0 0
5.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
10.00
0.00
0 0 0

0.00
15.00
0.00
0.00
0.00

5.00
0.00

15 00
0.00
0.00
0 0 0
0.00
5.00
5.00
0.00
0.00
0.00

10.00
10.00
0.00
0 0 0

0.00
15.00
0.00

15.00
0.00

0.00
0.00

20.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
15.00
0.00
0.00

0.00
0.00

20.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0 0 0
0.00
0.00

50.00

0.00
30.00
0.00
0.00
0.00

0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00

10.00
0.00

0 0 0
0.00
0.00

10.00

0.00
15.00
5.00
0.00
0.00

5.00
0.00
5.00
0 0 0
0.00
0.00
0.00
0.00
0.00

15.00
10.00
0.00

10.00
0.00
0.00
0.00

5.00
35.00
0.00
0.00
5.00

0.00
0 0 0

10.00
0.00
0 0 0
0 0 0
0.00
5.00
5.00
0.00
5.00
5.00

0.00
10.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

COVER
Understory
Litter
Bareground
Rock

65.00
5 0 0
5.00

25.00

65.00
5.00

25.00
5.00

85.00
5.00
5.00
5.00

65.00
5 0 0

15 00
15.00

65.00
15.00
10.00
10.00

70 00
5.00

10.00
15.00

65.00
10.00
10.00
15.00

% COMPOSITION
Shrubs
Forbs
Grasses

23.08
61 54
15.38

23.08
46.15
30,77

46 .15
30.77
23.08

0.00
28.57
71.43

46.15
38.46
15.38

30.77
53.85
15.38

52 94
35.29
11  76
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8.00 9.00 10.00 1 1.00 12.00 13.00 14.00 15.00 16.00 17.00

0.00
35.00
5.00
0 0 0
0.00

0.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
5.00
0.00
0.00

0.00
20.00
0.00
5.00

0.00
5.00
0 0 0
0.00
0.00

5.00
5.00

10.00
0.00
0.00
0.00
0.00
0 0 0
0 0 0
0.00
5.00
0.00

0.00
10.00
0 0 0

10.00

0.00
10.00
10.00
0 0 0
0.00

0.00
0.00

20.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
5,00
0.00

0.00
15.00
0.00

10.00

0.00
35.00
0.00
5.00
0.00

0.00
0.00
5.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00

0.00
15.00
0.00
0 0 0

0.00
20.00
5.00
0.00
0.00

0.00
0.00

15.00
0.00
5.00
0.00
5.00
0.00
5.00
0.00
5.00
0.00

5.00
0.00
0.00
0.00

0.00
40.00
0.00

10.00
0.00

0.00
0.00

15.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
10.00
0.00
0.00

0.00
10.00
10.00
0.00

10.00

0.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00
5.00
0.00
5.00
0.00

0.00
0.00
0.00

15.00

0.00
35.00
0 0 0
5.00
0.00

0.00
0.00
5.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00

0.00
15.00
0.00
0.00

0.00
40.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00

10.00
0.00
0 0 0

10.00

0.00
15.00
0.00
0 0 0
0.00

0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00

10.00
0.00

0.00
25.00
0.00
0.00

70.00
20.00
5.00
5.00

50 00
15.00
20.00
15.00

70.00
15.00
5.00

10.00

65.00
15.00
s.00

15.00

65.00
10.00
10.00
15.00

75.00
15.00
5.00
5.00

60.00
5.00

25.00
10.00

65 00
10.00
20.00
5.00

65 00
10.00
10.00
15.00

65.00
25.00
5.00
5.00

57.14
7 .14

35 71

10.00
50.00
40.00

28.57
35.71
35.71

61 .54
15.38
23.08

38.46
53 85
7.69

66.67
20.00
13.33

50.00
25.00
25.00

61 .54
15.38
23.08

61 .54
7.69

30.77

23.08
38.46
38.46
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18.00 19.00 20.00 21 .00 22.00 23.00 24.00 25.00 26.00 27.00

0 0 0
10.00
5 0 0
0 0 0
0.00

0 0 0
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00

10  00
5 0 0
0 0 0

0 0 0
15.00
0.00
0.00

0.00
30.00
0.00
0.00
0.00

0.00
5.00

15.00
5.00
0.00
0.00
0.00
5.00
5.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
15.00
0.00
0.00
0.00

0.00
0.00

25.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00
0.00

0.00
5.00
0.00

15.00

0.00
5.00
0.00

35.00
0 0 0

0.00
0.00

10.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00

0.00
20.00

0.00
0.00

0.00
0 0 0
0.00
0.00
0.00

0.00
0.00

20.00
5.00
0.00
5.00
0.00
5.00
0.00
5.00
0.00
0.00

0.00
0.00
0.00

20.00

0.00
15.00
10.00
0.00
0.00

0.00
0.00

10.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00

0.00
10.00
0.00

10.00

0.00
45.00
0.00
0.00
0.00

0.00
0.00

15.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
'10.00

0.00
0.00

0.00
15.00
0.00

10 00
0.00

0.00
0.00

'10.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
10.00
0 0 0

10.00

0.00
30.00
10.00
10.00
0.00

0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0.00

0.00
0.00
0.00
5.00

0.00
10.00
10.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.00
5.00
0.00

10.00
0.00

0.00
10.00
0.00
0.00

55.00
5.00

25.00
15.00

65.00
10.00
15.00
10.00

60 00
5 0 0

20.00
15.00

70 00
5 0 0
5.00

20.00

60 00
10.00
20.00
10.00

55 00
5 0 0

15.00
25.00

70.00
10.00
10.00
10.00

55.00
25 00
5.00

15.00

65.00
5.00

25.00
5.00

50.00
10.00
25.00
15.00

27.27
45.45
27.27

46  15
53.85
0 0 0

25.00
41 .67
33.33

57.14

14.29

28.57

0.00
66.67
33.33

45.45
1  8 . 1 8
36.36

64.29
21.43
14.29

45 45
1  8 . 1 8
36 36

76.92

1 5 . 3 8

7.69

40.00
40.00
20.00

A-7



28.00 29.00 30.00 Mean SDev Freq

CANYON FUEL
Skyline Mine
Sagebrush/Grass Reference Aree
Proposed Waste Rock
Exposure: 25 deg
Slope: WSW
Sample Date: 30 May 2007

0.00
15.00
10.00
0.00
0 0 0

0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
5.00
0 0 0

0.00
20.00
0.00
0.00

10.00
25 00
0.00
0.00
0.00

0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00

10.00
0.00
0.00

10.00

10.00
0.00
0.00
0 0 0
0.00

5.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00

0.00
10.00
30.00
10.00

0.83
't9.17

3.00
3.00
0.50

0.67
0.33

1 1 . 3 3
0.33
0.50
0 . 1 7
0 1 7
0 8 3
2.00
' t .17

3.00
0 . 1 7

1 .50
8 8 3
1.00
6.33

2.61
13,04
4.20
7 .14
1.98

1 .70
1 .25
7.95
1 .25
1 5 0
0.90
0.90
1.86
2.77
3.34
3.79
0.90

3.45
7.38
5.39
9.99

10.00
90.00
36.67
23.33
6.67

13.33
6.67

83.33
6.67

10.00
3.33
3.33

16.67
36.67
13.33
43.33
3.33

16.67
66.67
3.33

46.67

UNDERSTORY
TREES & SHRUBS
Amelanchier utahensis
Ademisia tidentata var. vaseyani
Ch ry soth am n us nauseosus
Purshia tidentata
Sy m p h o i c a rpos oreop h i I u s

FORBS
Agoseis glauca
Antennaia paNifolia
Balsamohiza sagiftata
Cirsium sp.
Delphinium nuttallianum
Eiogonum umbellatum var. maiu!
Gayophytum ramosissimum
Hedysarum boreale
Lupinus senbeus
Penstemon watsonii
Phlox longifolia
Seneclo sp.

GRASSES
Elymus salinus
Elymus sprbatus
Koeleia macrantha
Poa secunda

70.00
10 .00
10.00
10.00

75.00
5.00

15.00
5.00

7.24

5.76

7.26

5.55

65.00
15.00
10.00
10.00

64.83
10.33
13.00
1 1 . 8 3

COVER
Understory
Litter
Bareground
Rock

35.71
35.71
28.57

46.67

zo.o t

26.67

15.38
7.69

76.92

40 21
32.28
27.51

19.42
16.49
16.08

% COMPOSITION
Shrubs
Forbs
Grasses

A-8



CANYON FUEL
Skyline Mine
Waste Rock Site
Proposed Disturbed Aspen
Exposure: 25 deg
Slooe: NW
Sample Date: 1 June 2007 1 .00 2.OO 3.00 4.00 5.00 6 0 0 7.00

OVERSTORY
Populus tremuloides

UNDERSTORY
TREES & SHRUBS
Populus tremuloides
Rosa woodsii
Sy m p h ori ca rpo s ore op h i I u s

FORBS
Achillea millefolium
Cirsium sp.
Cy nog I os s u m offi c i n a I e
Delphinium barbeyi
Delphinium nuttallianum
Galium boreale
Gayophytum ramosissimum
Lathyrus lanszweftii
Lupinus senbeus
Meftensia aizonica
Polemonium foliosissimum
RudbecRia occidentalis
Seneclo sp.
Taraxacum officinale
Thalictrum fendlei
Uftica dioica

GRASSES
Bromus carinatus
Elymus sprbatus
Festuca thurbei
Poa fendleiana
Poa secunda

0.00

0 0 0
0.00
5.00

'10.00

0.00
0.00
0.00
0.00
0.00

10.00
0.00
5.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00

35.00
0.00
0,00
0.00
0.00

0.00 10 00

0.00
0.00

15.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00

10.00
10.00
0.00
0.00
0.00
0.00

0.00
25.00
0.00
0.00
0.00

20.00 0.00 0.00 0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

10.00
0.00

10.00
0.00
0 0 0
0.00

10  00
0.00
0.00
0.00
0.00

25 00
0 0 0
0.00

10,00
0.00

0.00
0.00

15.00

0.00
5.00
0.00
0.00
0.00

10.00
0.00

10.00
0.00
0.00
0.00

15.00
0.00
0.00
0.00
0.00

0.00
5.00
0.00
5.00
0.00

0.00
0.00

15.00

0.00
0.00
0.00
0.00
0.00
0 0 0
0.00

10.00
10.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00

20.00
0.00
0 0 0
0.00

10.00

0.00
0.00

55.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0 0 0

0.00
5.00
5.00
5.00
0.00

0.00
0.00

35.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

25.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
10  00
0.00
0.00

10.00

COVER
Overstory
Understory
Litter
Bareground
Rock

0.00
70.00
14.00
15.00
1 .00

0.00
65.00

1 .00
4.00

30 00

10.00
70.00
19 00
10.00
1 .00

20 00
65 00
14.00
20.00

1.00

0.00
70.00
13.00
15.00
2.OO

0.00
80.00
10.00
9.00
1 .00

0 0 0
90 00
5.00
4.00
1 .00

% coMPosrTtoN
Shrubs
Forbs
Grasses

7 . 1 4

42.86

50 00

0 0 0
46.1 5
a2 a4

21 .43
42.86
35.71

23.08
61 54
15 38

2',1 .43
35.71
42.86

68.75
' t2.50

18.75

38.89
27.78
33.33

Overstory + Understory 65.00

A-9

85.00 70.00 80.00 90.0070.00 80.00



8.00 10.00 12.00 15.0014.0013.001 1  0 0 16.00 17.00

75.00

5.00
5.00
0.00
0.00
0.00
0.00
0.00

15.00
0.00

15.00
0.00
5.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00

10.00
0 0 0
0.00
0.00
0.00
0 0 0
0.00

65.00
0.00

10.00
0.00
0 0 0

0.00
0.00
5.00
0.00
0 0 0
0.00
0.00

10.00
0 0 0

10.00
0.00

10.00
0.00
0.00
0.00
5 0 0

0.00
0.00
0.00
0.00

25.00

0.00

10.00
0.00

10.00

10.00
0.00
0.00

15.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10 .00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
5 0 0

10.00
0 0 0
0.00
0.00
0.00
0.00
0 0 0

15.00
0.00
0.00
0.00

20.00

25.00

5 0 0
0.00
0 0 0
0.00
0.00
5 0 0
0.00

25.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.00
10.00
10.00
0.00
0.00

0.00
0 0 0

10.00

10.00
0 0 0
0.00

10.00
5.00
0.00
0 0 0
0.00
0.00
5 0 0
0.00
0.00

10.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00

25.00
0.00
0.00
0.00
0.00

10.00
0.00
0 0 0
0.00

10.00

0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
10 00
0.00
0.00

10.00

0.00
0.00

40.00

0.00
0.00
0.00
0.00
5.00
0.00
0.00

10.00
0.00

10.00
0 0 0
0.00
0.00
0.00
0.00
0.00

5.00
0.00
0.00
0.00
0.00

0.00 15 000.0010.00

0.00 0.00 0 00
0.00 0.00 0.00
0.00 0.00 0 00

0.00 0.00
0.00 0.00
0,00 0.00

0.00 10.00
0.00 0.00
0.00 45.00

15.00
0.00
0.00
0.00
0.00

75.00
60.00
18.00
20.00
2.00

0 0 0
85.00
9.00
5.00
1 .00

25.00
65.00
4.00

30.00
1.00

0.00
65.00
25.00

9.00
1 .00

0.00
70.00
4.00

25.00
1 .00

25.00
60.00
8.00

30 00
2.00

10.00
60 00
9.00

30.00
1 .00

0.00
55.00
10.00
30.00
5.00

30.00
75.00
20.00
4.00
1 .00

15.00
70.00
25.00
4.00
1 .00

0.00
50.00
50 00

0 0 0
61 .54
38.46

0.00
75 00
25.00

0.00
1 1  7 6
88.24

30.77
53.85
15.38

0.00
58.33
41 67

16.67

b b . b  /

t o . o /

0.00 73.33
63.64 0.00
36.36 26.67

57.14
35.71
7 .14

135.00 85 00 65.00

A-10

85.00 55.00 105 00



18.00 19.00 20.00 21 .00 22.00 24.00 26.00 27.00

5.00 0.000.0010.00 10.00 0.00 0,00 50.00 10.00 40.00

0.00 0 00 0.00 0.00 0.00 0.00 0.00 0 00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 10.00 0.00 0.00 0.00 20.00 5.00 10 00 50.00 50.00

0.00
0.00
0.00

15.00
0.00
0 0 0
0 0 0

10.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00

15.00
5.00
0.00
0.00

25.00

0.00
0.00
0.00
0.00
0.00
0 0 0
0.00

10.00
0.00
0.00
0.00
5.00
0.00
0.00
0.00
0 0 0

5.00
0.00
0.00
0.00

35.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0 0 0
5.00
0.00
0.00
0.00
5.00
0.00
0.00

0.00
0.00
0.00
0.00

50.00

5 0 0
0.00
0.00

20.00
0.00
5.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00

5.00
10.00
0.00
0.00

20.00

25.00
10.00
0,00
0.00

25.00

0.00
0.00
5.00
0.00
0.00
0.00
0.00

10 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

15.00
10.00
0.00
0 0 0
5.00

0 0 0
5.00
0.00
0.00
0.00

20.00
0.00
0.00
0.00
0.00
0.00

20.00
0.00
0 0 0
0.00
0.00

20.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

50.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

20.00
0.00
0.00
0.00
0 0 0
0.00
0.00

10.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
5.00
0.00
0.00

10.00
10.00
0.00
0 0 0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.00
80.00
15 .00
4.00
1 .00

10.00
65.00
4.00

30.00
1 0 0

10.00
70 00
25.00
4.00
1 .00

0.00
70.00
9.00

20.00
1 .00

0.00
70.00
25.00
4.00
1.00

50.00
65.00
9.00

25.00
1 .00

0.00
70.00
25.00
4.00
1 .00

10.00
70.00
5.00

20.00
5.00

40.00
80.00
15  00
4.00
1 .00

0.00
85.00
10.00
4.00
' t .00

0.00
43.75
56.25

0.00
50 00
50.00

15 38
23.08
61 .54

0.00
28 57
71 43

0 0 0
14 29
45.71

30.77
23.08
46.15

7 . 1 4

64 29

28.57

1 4  2 9

14 29

71 43

62.50
25.00
12.50

58.82
17.65
23.53

70.00 115.0085.00 75 00

A-1 1

80.00 120.00 85.00



28.00 29 00 30.00 Mean SDev Freq

CANYON FUEL

Skyl ine Mine

Waste Rock

Proposed Disturbed Aspen

Exposure: 25 deg

Slope: NW

Sample Date: 1 June 2007

0.00 0.00 0.00 11 .17 17.59 43.33
OVERSTORY

Populus tremuloides

UNDERSTORY

TREES & SHRUBS

Populus tremuloides

Rosa woodsrT

Sy m ph orica rpo s o reo ph i I u s

FORBS

Achillea millefolium

Cirsium sp.

Cy n og Io ssu m off i c i n a I e

Delphinium barbeyi

Delphinium nuftallianum

Galium boreale

Gayophytum ramosissimum

Lathyrus lanszweftii

Lupinus serlceus

Medensia arizonica

Polemonium foliosissimum

R udbe cki a occi de ntal i s

Seneclo sp.

Taraxacum officinale

Thalictrum fendleri

Urtica dioica

GRASSES

Bromus carinatus

Elymus sprbalus

Festuca thurberi

Poa fendleiana

Poa secunda

0.00
5.00

20.00

0.00
0.00
0.00
0 0 0

10.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0.00
0.00
5 0 0
0.00
0.00

0.00
15.00
0.00
0.00

10 .00

0.00
0.00
5.00

0 0 0
0 0 0
0.00
0.00
0.00
0.00
0.00

10.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00

20.00
10.00
0.00
0.00

15 .00

0.00
0.00

10.00

0.00
0.00
0 0 0
0.00
0 0 0
0.00
0.00
5.00
0.00

10.00
0.00
0.00
0.00
0 0 0
0.00
0.00

15.00
10.00
0.00
0 0 0

20.00

0.67
0 . 1 7

14.17

1 .83
0 5 0
0.33
2.OO
0.67
2.00
0.33
8.00
0.67
3.83
0.33
3 3 3
0.50
0.50
0.33
0 . 1 7

13.83
4.83
0.83
0.67
9.67

2.49
0.90

17.23

3.53
1 .50
1 .25
5.26
2 . 1 3
4.58
1 .80
6 5 3
2 . 1 3
5.58
1 .80
6.50
1 .98
1 .50
't.25

0.90

14 70
6 . 1 2
261
2 1 3

12  58

6.67
3 3 3

63.33

23 33
10.00

13.33
10.00
20 00
3.33

70.00
10 00
36.67

? 2 4

26.67

6.67

1 0  0 0

6.67

3.33

76.67

46.67

10.00

10.00

50.00

0.00
65 00
30.00
4 0 0
'1.00

0.00
70.00
25.00
4.00
1 .00

0.00
70.00
25.00
3.00
2.00

1 1  . 1 7
70.17
't4.33

1 3 . 1 3
2.37

1 7 . 5 9

7.90

8 . 1 5

1 0 . 1 9

5.23

COVER
Overstory
Understory
Litter
Bareground
Rock

38 46
23 08
38.46

7 . 1 4
28.57
64.29

14  29
21 .43
64.29

20 25
37 43
42.32

2298
19  55
21 .30

% COMPOSITION
Shrubs
Forbs
Grasses

65.00 70.00 81 .33 17 .32

A-I2

Overstory + Understory70.00



CANYON FUEL
Skyline Mine
Waste Rock Site
Aspen Reference Area
Exposure: 23 deg
Slope: NNW
Sample Date: 1 June 2007 1.00 2.00 3.00 4.00 5.00 6.00 7.00

OVERSTORY
Populus tremuloides

UNDERSTORY
TREES & SHRUBS
Populus tremuloides
Sy m ph o ri c arpo s oreoph i I u s

FORBS
Achillea millefolium
Cy nog I o ssu m off i c i n a le
Erysimum asperum
Galium boreale
Hackelia patens
Hy drophy ll um c apitatum
Lathyrus lanszwertii
Meftensia arizonica
Osmorhiza depauperata
Ranunculus sp.
Rudbeckia occidentalis
Senecio sp.
Taraxacum officinale
Thalictrum fendleri
Uftica dioica

GRASSES
Bromus carinatus
Elymus splcafus
Festuca thufteri
Poa secunda

25.00 0.00 0.00 '15.00 10.00 25.00 60.00

10.00
0.00

5.00
0.00
0.00

10.00
0.00
0.00

20.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

15.00

0.00
10.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00

15.00
0.00
0.00

10.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00

15.00
0.00
0.00

15.00

0.00
0.00

0.00
0.00
0.00

15.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

15.00
10.00
0.00

20.00

0.00
0.00

0.00
0.00
0.00

20.00
0.00
5.00

15.00
0.00
0.00
0.00
5.00
0.00
5.00
0.00
0.00

0.00
5.00

10  00
5.00

0.00
0.00

0.00
0.00
0 0 0

15.00
0.00
0.00

15.00
0 0 0
0.00
0.00

10.00
0.00
0.00
0.00

10.00

0.00
10.00
0.00

10.00

0.00
0.00

0.00
0.00
0.00

10.00
0.00
0.00

10.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00

15.00

15.00
10.00
0.00

10.00

0.00
0.00

0.00
0.00
0.00

15 00
0.00
0.00

15.00
0.00
0.00
0.00
0.00
0.00
0.00

10 00
0.00

0.00
10.00
5.00

10.00

COVER
Overstory
Understory
Litter
Bareground
Rock

25.00
70.00
25.00
4.00
1 0 0

0 0 0
65.00
30.00
4.00
1 .00

0.00
70.00
25.00
4.00
1 .00

15.00
70.00
20.00
9.00
1 .00

10.00
70.00
25.00
4.00
1 .00

25.00
80.00
15.00
4.00
1 .00

60.00
65.00
30.00
3.00
2.00

% coMPosrT|oN
Shrubs
Forbs
Grasses

14.29
71.43
14.29

0.00
53.85
46.1 5

0.00
35.71
64.29

0.00
71 .43
28.57

0.00
71.43
28.57

0.00
56.25
43.75

0.00
61.54
38.46

Overstory + Understory 95.00 65.00

A-13

80.00 105.00 125.0070.00 85.00



8.00 9.00 10.00 1 1 . 0 0 16.0014.0013.0012 00 15.00 17.00

25.00 10.00 15.00

0.00
25.00

0.00
0.00
0.00
0.00
0.00
0.00
5.00
0 0 0
0.00

't0 00
0.00

10.00
0 0 0
0.00
0.00

10.00
0.00
0.00
0.00

35.00

5.00
0.00
0.00
5.00
5.00
5.00

15.00
0.00
0.00
5,00

10.00
0.00
0 0 0
0 0 0
0.00

10.00
0.00
0.00
5.00

0.00 0.00

25.00
0.00

0.0010.00

10.00 0.00
0.00 10.00

0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00

10.00
0.00
0.00

10.00
0.00

20.00
15.00
0.00

10.00

0 0 0
0 0 0
0.00

20.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00

'10.00

0.00
0.00

10.00

0.00
0.00
0.00

10.00

0.00
10.00

10.00
0.00
0.00
5 0 0
0 0 0
0.00

10.00
0.00
0.00
5.00
5.00
0.00
0.00

10 .00
10.00

25.00
0.00

0 0 0
0.00
0.00
0.00
0.00
0.00

25.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

25.00
0.00
0.00

10.00

5.00
15.00

15.00
0.00
0.00
0.00

10.00
0.00

15.00
0.00
0 0 0
0.00
0 0 0
0.00
5.00
0.00
0.00

5.00
0.00
0.00
0.00

15.00
0.00

10.00
0.00
5.00
0.00
0.00
0.00
0.00
0 0 0
0.00

0.00
15  00
10.00
0 0 0

0.00
0.00
0.00

10.00
0.00

10.00
15.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
10 00
10.00
15.00

0.00 0.00
0.00 0.00

0.00
0.00

0.00
0,00
5.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

15.00

5.00
5.00
0.00
5.00

0.00
0 0 0
0.00

20 00

25.00
85.00
10.00
1 .00
4.00

10.00
70.00
25.00
4.00
'1.00

50.00
80.00
15  00
4.00
1.00

40.00
85.00
10.00
1 .00
4.00

15.00
60.00
35.00
4.00
1 .00

10.00
80 00
15  00
4.00
1 .00

35.00
65.00
25.00
9.00
1.00

0.00
60.00
35.00
4.00
1 .00

0.00
60.00
35.00
4.00
1 .00

0.00
70 00
25.00
4.00
1 .00

1 1  7 6
35 29
5294

29 41
29.4',1
4 1  1 8

0.00
76.92
23.08

0.00
58.33
41.67

41 .67
25.00
33.33

14.29 12.50
71.43 68.75
14.29 18.75

41.67
41.67
16.67

0.00
50.00
50.00

25.00
56.25
18.75

1 10.00 80.00 130.00 125.00

A-14

100.00 60.0090.00



18.00 19.00 26.0020.00 21 .00 22.00 23.00 24.00 25.00 27.00

0.00 50.00 0.00 0.00 0 0 0 25.00 35.00 0.00 70.00 0.00

0.00
0.00

'15.00

0 0 0
0.00

10.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00

25 00
0.00
0.00

10 .00

15.00
0.00

0.00
0.00
0.00
5.00
0.00
0.00
5.00

10 00
0 0 0
0.00
0.00
0.00
0.00
0.00
5.00

0.00
5.00
0.00
5.00

0.00
10  00

0.00
0 0 0
0.00
0.00
0.00
0.00

10.00
0.00
0 0 0
0.00
0.00
0.00
0.00
0.00
0.00

10 .00
10.00
0.00

10.00

10.00
0 0 0

0.00
10 00
0.00
0.00

10.00
0.00

10.00
0.00
0 0 0
0.00
0.00
0.00
5.00
0.00
0 0 0

0.00
10.00
0.00
5.00

0.00
0.00

10  00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0.00

10  00
0.00

10.00
0.00

5.00
0 0 0

10  00
30.00

0.00
20.00

10.00
0.00
0.00

20.00
0.00
0.00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

10.00

0.00
0.00

15.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00
0 0 0
0.00
5.00
0.00
5.00

10.00
0.00

10.00
0.00
0.00

10.00

10.00
0.00

10.00
0.00
0.00

10.00
0,00

10.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00

10.00
0.00

10.00
5.00

0.00
10.00

0.00
5.00
0.00
0.00
0.00

10.00
10.00
0.00

10.00
0.00
0.00
0.00
0.00

10.00
0.00

10.00
0,00
0.00
5.00

0.00
0.00

0.00
0.00
0.00

30.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0.00
0.00
0 0 0
0.00

25.00

20.00
0.00
0.00
0.00

0 0 0
70.00
25.00
4.00
1 .00

50.00
50.00
45.00
3.00
2.00

0.00
50.00
45.00
4.00
1 .00

0.00
60.00
35.00
4.00
1.00

0.00
85.00
10.00
4 0 0
1 .00

25.00
70.00
25.00
4.00
1.00

35.00
65.00
30.00
4.00
1 .00

0.00
75.00
20.00
4.00
1.00

70.00
70 00
25.00
4.00
1 .00

0.00
75.00
20.00

1 .00
4.00

0 0 0
50.00
50.00

30.00
50.00
20.00

20 00
20.00
60.00

16.67
58.33
25.00

0.00
47.06
52.94

28.57

5 7 . 1 4
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TETRATECH

June 1 ,2007

Canyon Fuel Company, LLC
Mr. Gregg A. Galecki, Environmental Engineer
Skyl ine Mine

Subject: Waste Rock Area Raptor, Northern Goshawk, and Incidental Species Surveys

Dear Mr. Galecki,

The purpose of this letter is to discuss the raptor survey that was conducted by Tetra Tech at the
waste rock area near Scofield, Utah on May 21 and 23,2007.

Raptor, Northern Goshawk, and IncidentalSpecies Surveys

On May 21 and 23, 2007, Tetra Tech biologists (Colleen Trese and Jill Simmons) conducted a
one-visit raptor survey (including a Northern goshawk broadcast vocalization survey) within the
waste rock area, southeast of the town of Scofield for Canyon Fuel's Skyline Mine. Incidental
species observations were also conducted for the presence of threatened, endangered and
special status species, management indicator species and important habitat (including elk
calving, mule deer fawning, and sage grouse breeding and nesting) and migratory bird use within
the project area. Surveys were conducted to support the extension of the current waste rock area
and allow for the continuation of use during the summer of 2007.

A comprehensive raptor survey for nests, signs of presence (whitewash, greenery, etc.) and
breeding birds was conducted throughout the project area. A Northern goshawk broadcast
vocalization survey was also conducted following U.S. Department of the Agriculture (USDA)
Forest Service protocols. Recorded goshawk warning calls were broadcast at survey points on
calm mornings between sunrise and mid-afternoon. Survey calling points were located
approximately every 320 meters apart along survey routes, some closer or farther apart
depending on suitable habitat and topography. At each point, a series of three, ten second bouts
of calls were played followed by a one-minute period of listening and observation for goshawk
response. ln the case that a goshawk responded, biologists traveled toward the individual in
search of a nest and signs of presence.

Site description and documented wildlife observations, including pictures identifying specific
habitat type and/or key observation areas were noted. A list of incidental species observed
during surveys is included in the report.

Waste Rock Area Mav 21 &23.2007

Throughout the project area, the habitat was characterized by sagebrush, with small stands of
aspen and mixed conifer.

The weather on the first day of the survey consisted of partly cloudy skies with 50 to 60 degree
temperatures, wind gusts from 0 to 25 miles per hour (mph), and a light drizzle of rain at the end
of the survey. The weather on the second day of the survey consisted of clear skies with 35 to 50
degree temperatures and winds from 0 to 5 mph.

Tetra Tech
6 | 78 Stratler Street, Murray, UT 84 | 07

Tel 80 | .269 I | | 7 Fax 801 .269 8308 www.tetratech.com



TETRATECH

Raptor surveys with Northern goshawk vocalization surveys were conducted within the
designated waste rock area in T135 and R7E Section 4 and Section 5, and along existing access
roads within a half mile of the proposed waste rock extension area. No Northern goshawks were
observed and no alarm calls were heard. Incidental species heard and seen in response to taped
calls included red-tail hawks, American kestrel, ruby-crowned kinglet, American robin, mule deer
and hoary marmots. No mule deer fawning or elk calving areas were observed or identified
within/adjacent to the waste rock area.

Two red-tail hawks were observed perched and screeching on May 21,2007 near Survey Point
Four, which is within a quarter of a mile of the waste rock area (Map 1 and Photo 1). A nest was
located approximately 100 m south of Survey Point Four (Map 1 and Photo 2). There were no
signs of activity such as fresh greenery, prey remains, or whitewash in or around the nest. One
redtail hawk was observed perched and screeching on May 23, 2007 near Survey Point Four.
An additional nest search was conducted but no other nests were located.

Photo 1: Red-tail hawk near

Photo 2: Possible red-tail hawk nest near Survey Point Four



TETRATECH

Pleese do not hesitate to contact myself or Jill Simmons with any questions regarding the findings
of the zurvey, at (801) 269€1 17.

Sincerely,
Tetra Tech

Project Manager/Principle Scientist
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Dma x
D50
D10

PADER Method

L ,?7  f t
t  , 57  f t
?  "54  f t
3 "14  f t
6  -57 fps
I  -6L  sq  f t

. : -  O .45  f * '
, .  c  . 046

L  - / tS
o -625  f t .  (  7 . 5O
o  -500  f t .  (  o . oo
$  -167  f t ,  (  a .OO

i - \
L  l t  J

i n  )
i n )

NNCCRPCRATED
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SEDCAD+ CHAT.INIL DES].GN
D D * 1 6

Rip rap  *  9 teep  SJope  Des ign  -  PADER Me thod

=  1O.57  c f s Depth (  d  )
To t r  r , v i d th  ( . t )

w . /  F reeboard :
D i scha rge =  t - 27  (D  =

=  2 .54  (T  =
=  6 .57  f ps

t -57 )
3 .14 )

s i de  s l o t r es  ( z )  =  l ^ . o :1 (  L )  1 .o :1 (R )  Ve loc i t y

M ; r r ' r n i ng ' s  n =  O . 0 4 € , Froude  number  =  ! . ?6
Dmax =  0 .63  f t  (  Z -sO in )
D50 =  O.50  f t  (  e .oc r  in )'  D io  =  o .17  f r  (  e .oo  in )

NNCCRPCRATED

MAR 0319g.q YgY

Uren Drusrow OrL, GesAwpMnmlo
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:5 tltry _tilltt - 9'11$t! -9.::i9I

DD-.164

INPUT VALUE$:

Shape
D ischa rge
g lope
S ides lopes  (u  and  R )
F reeboard

TRIANGULAR
1O.57  c f s
36  ,OO Z

1" . OO: 1.
"3  f r

1  - O O :  1

Steep  S lope  Des ign

DepLh
r , . r i th  Freeboard

Top  w id th
w i i h  F reeboa rd

Ve Itrc i . ty
L ' ross  Sec t i ona l  .A rea
Hyd rau l i c  Rad ius
l{a rrn i  ng 's n
F roude  Number
Df tAx
D5c'
D10

- PADER MEt.hod

1 .OB  fL
1 .38  f  r
2 . : . f r  f  t
2 . 76  f  t
9 . 05  fPs
i . t r -  s q  f t
o .38  f t

7 . \ 7
0 .938  f  r  (
c.7so f r  (
CI .zsCI  f r  (

LL .25
9 .OO
3 .OO

i n  )
in  )
in  )

NNCCRPCRATED

MAR 0 3 1999
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SEDCAD+ CHAI \NEL DISIGN
DD-  1 .6A

RiprFp,  -  Steep Slope Design PADER Met .hod

! i  i lscl"rarge

c , i r j r *  s l o p e s  ( Z )

C,?l;qn

LO.57  c f  s

X .O :1 ( \ )
36 .OO Z

0  .  o52 '
,  Dmax

D50
D10

Dep th  (  d  )
r op  w id th  ( t )

1 "O :1 (  R  )  Ve loc i t y
Hyd rau l i c  Rad ius
Froude nurnb,er

=  O .94  f t  ( t t . 25  i n )
=  O .75  f t  (  9 .OO i n )
= o.zs f r  (  - "qg in)

w/  F reeboard :
x ' .OB  (O  =  1 .38 )
2 . t 6  ( f  =  

" . 76 )9 .O5  f ps
o .38  f r
1  . 84

NNCORPORAT'ED

MAR 0 3 1999

Uren Dwrsrow On; Gs furp Mnwo
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5rr-rz Dtl- I?

Triangutan ChanncI Anal.ysis & Dcsign
. Open Channet - Unifonm {lor

llorkeheet llame: DD-17

cotrmcnt! BYPASS DITCH DD-17

Sotve For Depth

Givcn lnput Datr:
Le f t  S idc  Stope. .  2 .00 :1  (H:V)

Rish t  S ide  S l ,opc .  1 .00s1 (H:V)

utt tgr
F F I -
I | l I | . .
U I I E
r a t
r t r ' -
o o o
5  0c t

F f {

F G l l l
t r n
GI GI GI
GI GI GI

)o
/Ell
\tt

Chamel  s tope. . . .  0 .0275 f t l f t
D i s c h a r g e . . . . . . . .  2 . 6  c l a

Co||prrtcd Resutts:
Depth. .  0 .78 f t
Veloc i ty .  2.89 fps
f l o u  A r G c . . . . . . . .  0 . 9 2  s f
Ftor  Top Uidth. . .  2 .35 f t
tJetted Pcrineter. 2.86 ft )
C r i t i ca l  Dep th . . .  0 .72  t t
Cr i t icat  Stope. . .  0 ' .04?6 f t l f t  1  i i
Froude Nr. lnbcr . . . .  0 .81 ( f tou is  Subcr i t icat )

open Channct Flor l i lodule, Version 3.41 (c) 1991
Haestad l lethods, lnc. t 37 Erookside Rd * Uaterbury,

tr.)otc.: Tln.ls D, t<-L fn^.loov. ovc4$zc.,t tre A'ur.'el€- auA
:-- / J"-.p tt,- tzwSta lo tt 'lti{e,F,e Cor,,gfv,*cticrr-,

*v,A lrrliarV&-rv.r *L( r lr{o,*-rc*r+", flrc 6ca{ r.rr.
rnc-1ar,ne4 l.o At^-1 lla Flou-r i rrr,^qL 6uc-ll+v
t r , 1  6 [ ^o r . - , t .  

{

Cpn rpu\Ar\,t-E 5ec- to Nt NNCCR,PORATED
i ..--ttoqlEi-

ct 06708 q\F

Urru DryrsroN O&, GesAxpMtrnro
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SEDCAD+ RIPRAP CHANNEL DESIGN

INLET TO POND FRO]1 OD-17

e

INPUI VALUES:

Shape .
0 ischarge
SIope
SidesLopee (L and R)
Eottom I'l ldt h
Freeboard

TRAPEZOIDAL
2 .66  c f s

2? .00  r
2 .  00 :  L

8 .00  fe r t
. 3  f t

4 . 00  : 1

RESULTS:

Steep Slope Besign - Sinons/0Sll l'lethod

Oep th '
'  r . l i t  h Freeboard

0 .03  f t
0 ,33  f t

ToP tf idt h
r. l i t  h Freeboard

Veloc i ty
Cross Sect ional  Area
Hydraulic Radius
l lanning 's  n
Froude Nunber
0nax
050
010

8 .13  t t
9 .33  f t
9 .97  fps
0 .27  sq  f t
0 .03  f t
0 .035
9 .70
0 .625  f t  (
0 .so0 f t  (
0 -167  f t  (

7.s0  in )
6 .00  in )
2 .00  in )

o
NNCCRPCRATED

oftp'*N,
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ctvtL sorluAnE DEslGrl

SEDCID+ Vcrsion I

HYDROTOGY FOR 59.17

by

IITIE: GARY E. TAYI(N

Comany IsF! UTAH tUEt colPAxY

Fi tc ilam: D:\SEDCAD3\IIAIERS||E

Dl t c :05 '09 '1994



Civi l  Softrtrc Design -- SEDCAD+ Vcrsion 3.1

copyright (c) 19E7-1992. Parch J. schrrb. Att r ights r6cryd.

Copcny llac: UIAH tuEi COIPAII
lener: D:\SEDCID3\9AIERSI|E UoGr: G nY E. TAYTC

DrtG: 05-09-1996 Tir: 06:34:35
HYDIOIGY Fff SI.17

2.25 imhce, 100 prr- 6 horr. SCS l1p. tt
Hydrograph Cotwotutio Intcrvrl: 0.1 hr

SUB9ATERSHED/STRUCTUE IXPUT/q'IruI IABI€
3CalaSaatE-cEatrl

Storl!

JBS StfS

-Hydrotogy-

Arc. CI UllS Tc I
(cc) (hrs) (hrs)

Ersc- Rupff Pcek
X Ftor Volun Dlschcrgc

(cfs)  ( .c- f t )  (c f r )

l t l  1

111 Structuria

46.32 70 S 3.3E5 0.000 0.000 0.0
lypc: llutt labctr HYDROTOGY Fm 5ru-17
465.t2

13.28 16.77

13.28

111 Tot.t rr/qn 466.32 13.2E 16.7f

Drainage area for  St f -17 is  shown on Drawing 3 .2 .e -7 .
I



3W,
Civlt Softrcrr Dceitn '- SEllOtD+ Vcrsiqr !.1

copyright (C) 1tE7-t992. Penlr J. Schrrb. Att rlghtr rcecrvcd.

Cqrpclry XF: UIAH Ft E! COIPAIY

ti lcnn: D:\SEOCAD3\U IERSXE Uscr: GAIY E. tAYtC
D.tG: 05-09-199{ lh: 06:54:35

flYDt(t.GY Fm S1r-17
2.25 inchcr, 100 ycrr- 6 hrur, sCs T)?c Il

Hydrograph Cqwotutim lntcrvrt: 0.1 hr

DEIAILED SUBUATERSHED IXPW/(UIruT IABTE

Stor.:

Sca. Lard ttor
J B S S T E  I  C o r d l t l o n

Segrnt ?fc fuetinetr
Dlrtcrcc SloF vctoclty l lm Com. X I

( f t )  ( r )  ( fpel  (hr)  (hr)  (hr) .

l l l  l  - r 1 1562.17 2.19 0.37 3.:n 3.3t3
-E-alttGta3taa3S38llaaEEE!E-t!==Ea-EE-BE---=E-E-E-3-r--!aa:GEEE:!Baf33latOO



PAMBOLA DITCH EQI'ATIOI{

DITCH NO. SUrr-17

N = MANNING'S ROUGHNESS COFFICIENT

T 'c TOTALWIDTH OFTHECHANNEL

I = SLOPE 0.(X FTJFT.

DESIGI.IED: G.TAYLOR
09-llaY-9tl

*^= abrD*T
- - l.{\D RAULrc RCDI US = (2'D' (T ̂  2)/(9'(f ^ 2} + E' (D ̂  2)) ̂  2/g)

MANNING'S EOTJATION

Q = A. (1.486N).(R ̂ 2/3).(S ̂  1 /2)

Q =(2l3rDrl)r(l .486ltl)r((2rgrgf ̂  2)(3rcf ̂  2)+grp ^ 2))) ̂  213)'(S ̂ 1/2)

D = DEPTH OFFLCI,Y 0.3e6 FT.

0.o1tl

ro.o0FT.

l -

f =

S -

2.24 so. FT.

0.97 FT.

o.20

M =

Q -

106.142E

17.7A CFS

7.94 FPS
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REFFERENCE INFORMATION FOR
THE FOLLOWING SEDCAD 4 DESIGNS

DITCHES: UD-6, DD-14, DD-l5
SWALES: SW-13, SW-14, SW-18, SW-19

Design Storm: 1Oyr - 6 hr, per State Regulation R645-301-742.300
Area Dimensions: per 1:24,000 topographic coverage calculated using AutoCad
Rainfall depth: 1.31 inches. See attached NOAA Atlas 14 data for site specific
information
Curve Number: 64. This is the same curve number for the area that was
previously in the M&RP. See attached copy of handwritten calculations from
M&RP - the page was taken out of the main body of the M&RP because it was
no longer relevant in its location. Also included are Table 7-14, (UDOT Manual
of Instructions) and Table 5 of Vegetation of the Waste Rock Expansion Site, Mt Nebo
Scientific, Inc, June 2007 (See Appendix A-2 Volume 2). Table 7-14 is provided as
basis for the weighted curve number. Table 5 is provided as additional field-
inspected information to demonstrate not only living cover, but the amount of litter,
and rock. These ditches and swales have been functional for 20+ years (1983 - 2007).

WITTERE
tro 2l r5tt6a-2202

Revised: 8/28/07





Precipitation Frequency Data Server Page I of5

POINT PRECIPITATION
FREQUENCY ESTIMATES
FROM NOAA ATLAS 14

Utah39.72 N l11.l5l W 8106 feet
from "Precipitation-Frequency Atlas of the United States" NOAA Atlas 14, Volume l, Version 4

G M Bonnin, D Martin, B Lin, T Parzybok, M Yekta, and D Riley
NOAA, National Weather Service, Silver Spring, Maryland,2006

Text version of table
- These precipitation freguency estimates are based on a oartal duration series. ARI is the Average Recunence Interval
Please refer to the documentation for more information NoTE: Formatting forces estimates near zero to appear as zero.

Extracted: Wed Aue29 2007

Precipitation F Estimates (inches

6
hr

t2
hr

24 1
_!u

48
hr

4
dav

7
dav

).74 ).93 l . l 6 1.36 r.70 r .98
2 l l0 . l7 J.27 ) .33 J.44 ).55 0.65 ).72

J.24llg.37) .45 ).61 ).76 ).86 ).92

10 ).30 0.45 ).56 ).76 ).94 1.06 t . l 1

25 ).39 0.59 J.73 ).99 r.22 r . 36 r .41
50 ).47 0.71 ) .88 t le l 1.47 1.63 t .67

http:iilrdsc.nws.noaa.govlcgi-bin/hdsc/buildout.perl?type:pf&units=us&series:pd&statena.. . 812912007
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TABLE 7 -14 -Other Agricultural Landsr

Cover Description
Hydrologic
Condition

Gurve Numbers for
Hvdroloolc SoilGrouo

Cover Type A B c D

Pasture, grassland, or range - continuous forage
for gravirg '

Poor 68 7g 8A 89
Fair 49 69 7g 84

Good 39 61 74 80

Meadow - continuous grass - protected from
grazing and generally mowed for hay 30 58 71 78

Brush - brush;weed-grass mixture with brush the
major element s

Poor 4 8 - 6Z TI 83
Fair 35 56 70 77

Good 3d 48 65 73

Woodl -grass combination (orchard or tree
farm) "

Poor 57 73 82 86
Fair 43 65 76 82

Good 32 58 72 7g

WoodsG
Poor 45 66 77 83
Fair 36 60 73 7g

Good 3o' 55 70 77

Farmsteads - buildings, land, driveways and
surrounding lots 59 74 82 86

Average 'noff condition and l" = 0.2S.

Poor: XOnground cover or heavily grazedwith no mulch
Fair: r^o/o to 75% ground cover and not heavily grazed
Good: \j% ground cover and tightty or onty o6cisionally grazed

Poor: < 50?/o ground cover
Fair: 50% to 75% ground cover
Good: > 75o/o ground cover

a Actual Curve Number is less than 30; use GN = 30 for runoff computations.

CNs shov.'n were computed for areas with 5O% grass (pasture) cover. Other combinations of
conditions may be computed from CNs for woodL and pasture.

Poor: Forest litter, small trees and brush are destroyed by heavy grazing or regular burning.
Fair: woods grazed but not burned, and some forest titter coveiJthe soil.
Good: woods protected from grazing; titter and brush adequatety cover soil.

t/*I?'\\wu;t,tl r^dtt. ut?u.V o{/d|,php /trd =K.zb./saw /Charatce h
- 

/1 I I 1
IJDOT Manual of tnstruction - Roadway Drcinage (Customary unis), Hydrotogy * UlAa-lW t l



Afe.,^J,y. A-l ,Vot'  ̂ " T ' 
Y"fl-\*{'-" 

.,{ V^+ Wos{e L'lr '

F*pa^sta Sr{-e ,  A).N"b.5. ;e^{ '  { " , 'Dnc' ,  June l -oo7

Table 5: Mean total cover, composition, standard
deviation and sample size at the Skyline Mine Waste

UndcBtory
Litbr
Barcground
Rod(

B. % COI{POS|T|ON
Shrubs
Fo6o
Gnsser

Sagebrush/Grass Reference Area
Deviation Size

A. TOTALCOVER

Mean Standard Sample
Deviation Size

04.83 7.21 30
10.33 5.76 30
13.00 7.26 30
11.83 5.55 30

40.21 19.42
32.28 16.49
27.51 't6.06

30
30
30

Table 6: Woody Species Density of the Skyline

Sagebrush/Grass Reference Area

t2



SEDCAD 4 tor Windows
a^^\ ' r i^h+ lOon -tnnt Damala I  q^h\a,ah

Branden HendriK

Filename: WRock UD6.sc4 Printed 08-29-2007



SEDCAD 4 tor Windows
n^n,r i^h+ IOOA -rnnt Damala I  Qnhrrnh

General fnformation

Storm fnformation:
Storm Type: NRCS Type II

Design Storm: 10 yr - 6 hr

Rainfall Depth: 1.310 inches

Filename: WRock_UD6.sc4 Printed 08-29-2007



SEDCAD 4 for Windows
a^^\,r i^ht aOOn -tnn, Drmol.  I  e^hu,.h

Structure Networking:

Filename: WRock_UD6.sc4 Printed 08-29-2007

Type Stru (flows Stru
# into) # 1T5* Musk' X Description

Channel # t ==)  #2 0.000 0.000 Head UD6

Channel #2 #3 0.000 0.000 SW18

Channel #3 ==)  #6 0.000 0,000 UD 6A

Channel #6 = = > #7 0.000 0.000 UD 68

Channel #7 ==)  #8 0.000 0.000 UD 6C

Channel #8 ==) End 0.000 0.000
SW19

SW 19

c#1
Chanl

€ x1,,,,
c#3

Chanf

G#6
Chanl

c#7
Chanl

#8

Chanl



SEDCAD 4for Windows
f  nnvr inht {  ooe -rnn, D.mal.  I  q^h\^,ah

Structure Summary:

Filename: WRock UD6.sc4 Printed 08-29-2007

Immediate Total Dartz Total
Contributins Contributins oir."#ig. ,til*

(ac) (ac) (cfs) (ac-ft)

#L 193.990 193.990 0.55 0.08

#2 0.000 193.990 0.s5 0.08

#3 0.000 193.990 0.55 0.08

#6 4.460 198.4s0 0.55 0.08

#7 11.120 209.570 0.s9 0.08

#8 0.000 209570 0.59 0.08



SEDCAD 4 tor Windows
. .nmrr inht {  ooe -rnnt Drhala I  q^hr^, .h

Structure Detail:
Structure #1 (Erodible Channel.l

Head UD6

Trapezoidal Erodible Channel Inputs:

Material: Alluvial silts colloidal

Left Right
,^?:f[,, Sideslope Sideilope slope (%) Manning's n
YvruLrr \rL,,r Rafio Ratio

Freeboard Freeboard

Depth (ft) % of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

4.00 2.0:L 2.0:L 9.0 0.0250 0.30 5 .0

Erodible Channel Results:

Structure #2 (Erodible Channel)

SWlB

Trapezoidal Erodible Channel Inputs:

Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 0.55 cfs

Depth: 0.05 ft 0.35 ft

Too Width: 4.21ft 5.41 ft

Velocity: 2.49 fps

X-Section Area: 0.22 so ft

Hydraulic Radius: 0.052 ft

Froude Number: t.92

Material: Fine gravel

a^e^m Left Right
,^;;;";;, Sideslope Sideslope Slope (o/o) Manning's n
Yvrutr I tr (ir Ratio Ratio

FreeboardFreeooaro Freeooarct

DePth (ft) o/o of DePth 
Mult' x
(VxD)

Limiting
Velocity

(fps)

6.0 0.02006.0:16 .0 :16.00 0.30 5.0

w/o Freeboard w/ Freeboard

Design Discharge: 0.55 cfs

Depth: 0.04 ft 0.34 ft

Too Widthr 6.51 ft 10.11 ft

Velocity: 2.15 fps

X-Section Areai 0.26 so ft

Filename: WRock UD6 sc4 Printed 08-29-2007
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a^^vr idh+' lOOl -?nnt I tmal.  I  C^hu,ah

w/o Freeboard w/ Freeboard

Hydraulic Radius: 0.040 ft

Froude Number: 1.88

Strudure #3 (Erodible Channel)

UD 6A

Trapezoidal Erodible Channel Inputs:

Erodible Channel Results:

Structure #6 (Erodible Channel,t

UD 68

Trapezoidal Erodible Channel Inputs:

Erodible Channel Results:

Material: Silt loam noncolloidal

D^*^m Left Right

"ill"}[., 
Sideslope Sideslope Slope (%) Manning's n

Ratio Ratio

Freeboard Freeboard

Depth (ft) o/o of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

4.00 2 .0 :1  2 .0 :1 o n 0.0200 0.30 5.0

w/o Freeboard w/ Freeboard

Design Discharge: 0.55 cfs

Depth: 0.05 ft 0.35 ft

ToD Width: 4.L9 ft 5.39 ft

Velocity: 2.90 fps

X-Section Area: 0.20 sq ft

Hydraulic Radius: 0.047 fI

Froude Number: 2,36

Material: Silt loam noncolloidal

El^nnm Left Right
,^;;;;;;,, Sideslope Sideslope Slope (o/o) Manning's n
YYruLr | \r !/' Ratio Ratio

Freeboard Freeboard

Depth (ft) o/o of Depth

Freeboard

Mult. x
(vxD)

Limiting
Velocity

(fps)

1 .0 :1  2 .Q :7 9.0 0.02002.00 0.30 5.0

w/o Freeboard w/ Freeboard

Design Discharge: 0.55 cfs

Depth: 0.07 ft 0,37 ft

Too Width: 2.2Lft 3.11 ft

Velocity: 3.66 fps

Filename: WRock UD6 sc4 Printed 08-29-2007



SEDCAD 4 ior Windows
/ lanvr inht {OoR -rnn, prmal.  I  a^hu,rh

w/o Freeboard w/ Freeboard

X-Section Area: 0.15 sq ft

Hydraulic Radius: 0,066 ft

Froude Number: 2.48

Structure #7 (Erodible Channel)

UD 6C

Triangular Erodible Channel Inputs:

Erodible Channel Results:

Structure #B (Erodible Channel.t

SWI9

sw 19

Trapezoidal Erodible Channel Inputs:

Erodible Channel Results:
w/o Freeboard w/ Freeboard

Design Discharge: 0.59 cfs

Material: Graded loam to cobbles when noncolloidal

Left Right
Sideslope Sideslope Slope (%) Manning's n

Ratio Ratio

Freeboard Freeboard

Depth (ft) o/o of Depth

Freeboard

Mult. x
(vxD)

Limiting
Velocity
(rps)

3.0:1 1,0:1 9.0 0.0300 0.30 5.0

w/o Freeboard w/ Freeboard

Design Discharge: 0.59 cfs

Depth: 0.28 ft 0.58 ft

Too Width: 1.13 ft 2.33 ft

Velocity: 3.74 fps

X-Section Area: 0.16 sq ft

Hydraulic Radius: 0.126 ft

Froude Number: t.76

Material: Fine gravel

Fl^*nm Left Right
.^i;if,;;,, Sideslope Sideslope Slope (0/o) Manning's nr'vr" \'!/ Ratio Ratio

Freeboard Freeboard Freeboard

Depth (ft) % of Depth Mult' x
(VxD)

Limiting
Velocity

(fps)

6.0 0.02006 .0 :16.00 6.0:1 0.30 5 ,0

Fifename: WRock UD6 sc4 Printed 08-29-2007
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a^^vr i^hr 4oot - tnnt Demal.  I  e^hr i lah

w/o Freeboard V Freeboard

Deoth: 0.04 ft 0.34 ft

Too Width: 6.52 ft 10.12 ft

Velocity: 2.18 fps

X-Section Area: 0.27 sq ft

Hydraulic Radius: 0.041 ft

Froude Number: 1.89

Filename: WRock UD6.sc4 Printed 08-29-2007
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Subwaterched Hydrology Deta il :

stru sws sws Area t$i."

# # (ac) (hrs)

Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak Runoff
Discharge Volume

(cfs) (ac-ft)

#L 1 193.990 0.193 0.000 0.000 64.000 M 0.55 0.076

193.990 0.55 0.076

#2 0.55 0.076

#3 193.990 0.55 o.o76

#6 r 4.460 0.042 0.000 0.000 64,000 M 0.02 0.002

o.55 0.078

#7 7 Lt.t20 0.090 0.000 0.000 64.000 M 0.04 0.005

0,59 0.084

#8 0.s9 0.084

Subwaterched Time of Concentration Details:
tX' tyt Land Ftow condition slope (o/o) vert Dist' Horiz Dist' t",8:i* Time (hrs)

#t 1 3. Shoft grass pasture 29.00 870.00 3,000.00 4.300 0.193

#L 1 Time of Concentration: 0.193

#6 1 3. Short grass pasture 42.00 336.00 800.00 s.180 0.M2

#6 1 Time of Concentration: 0.042

#7 1 3. Short grass pasture 33,00 495.00 1,500.00 4.s90 0.090

#7 1 Time of Concentration: 0.090

Filename: WRock UD6.sc4 Printed 08-29-2007
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Storm Type: NRCS Type II

Design Storm: 10 yr - 6 hr

Rainfall Depth: 1.310 inches

Filename: WR DD14 SW'l3.sc4 Printed 08-29-2007



SEDCAD 4lor Windows
n^^\,r i^ht {oon -rnnt Drmala I  q^hu,ah

Structu re Netvvorki ng :
Type Stru (flows Stru

# into) #
t1'5* Musk' X Descriotion

Channel # 1 ==)  #2 0.000 0.000 DD 14

Channel #2 #3 0.000 0.000 sw 13
Null #3 ==> End 0.000 0.000

€

#2

Chanl

Chanl

c
#3

Null

Filename: WR DD'|4 SW13.sc4 Printed 08-29-2007
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Structure Summary:
Immediate Total Dasb Total

contributins contributins oirilig" ,til*
(ac) (ac) (cfs) (ac-ft)

#t 14.170 t4.t70 0.05 0,01

#2 0.000 L4.L70 0.0s 0.01

#3 0,000 r4.r7Q 0.05 0.01

Filename: WR DD14 SW13.sc4 Printed 08-29-2007
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Structure Detail:
Structure #l (Erodible Channel.t

DD 14

Triangular Erodible Channel Inputs:

Material : Alluvial silts colloidal

Left
Sideslope

Ratio

Right
Sideslope Slope (%) Manning's n

Ratio

Freeboard Freeboard Freeboard

DePth (ft) o/o of De'th 
Mult' x
(VxD)

Limiting
Velocity

(fps)

3.0:1 1.0:1 9.0 0.0250 0.30 5.0

Erodible Channel Results:

Structure #2 (Erodible Channel)

sw 13

Trapezoidal Erodible Channel Inputs:

Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 0,05 cfs

Depth: 0.10 ft 0.40 ft

Top Width: 0.39 ft 1.59 ft

Velocity: 2.20 fps

X-Section Area: 0.02 sq ft

Hydraulic Radius: 0.043 ft

Froude Number: 1.76

Material: Fine oravel

Bottom ^ !"ft Right
w'iir'' ttl t'ofj,T" t'o*:l,:* slope (o/o) Mannins's n

Freeboard
FreeDoaro FreeDoaro

DePth (ft) o/o of DePth 
Mult' x
(VxD)

Limiting
Velocity

(fps)

6.00 6.0:1 6.0:1 4.0 0.0200 0.30 5.0

w/o Freeboard w/ Freeboard

Design Discharge: 0.05 cfs

Depth:  0.01f t  0 .31f t

Top Width: 6.12 ft 9.72ft

Velocity: 0.69 fps

X-Section Area: 0.06 sq ft

Filename: WR DD14 SW13.sc4 Printed 08-29-2007
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w/o Freeboard w/ Freeboard

Hydraulic Radius: 0.010 ft

Froude Number: L.22

Strudure #3 (Null.t

Filename: WR_DD1 4_SWl 3.sc4 Printed 08-29-2007
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Subwatershed Hydrology Deta il :

Stru sws swS Area t[i."

# # (ac) (hrs)

Musk K

(hrs)

Curve

Number
Musk X UHS

Peak Runoff
Discharge Volume

(cfs) (ac-ft)

#7 L 14.170 0.064 0.000 0.000 64.000 M 0.0s 0.007

t4,t70 0.05 0.007

#2 L4.170 0.0s 0.007

#3 L4.t70 0.05 0.007

Subwatershed Time of Concentration Details:
tl' tyt Land Ftow condition Slope (%) Vert' Dist' Horiz Dist'

29.00 290.00 1,000.00

"?fi:;" Time (hrs)

4.300 0,064

0.064

#L 1 3. Shoft grass pasture

#l 1 Time of Concentration:

Filename: WR DD14 SW13.sc4 Printed 08-29-2007
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General fnformation

Storm fnformation:

Filename: WR DD15 SW14.sc4 Printed 08-29-2007

Storm Type: NRCS Type II

Design Storm: 10 yr - 6 hr

Rainfall Depth: 1.310 inches
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n^^\,r i^ht ' IOOR -tnnt Damala I  Qnhrrrah

Stru ctu re N etvvo rki n g :

Filename: WR DD15 SW14.sc4 Printed 08-29-2007

Type Stru (flows Stru
# into) #

Musk. K
(hrs) Musk, X Description

Channel 0.000 0.000 DD 15

Channel #2 = = > #3 0.000 0.000 sw 14
Null #3 0.000 0.000
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n^^vr i^ht l  Oon -tnn, Damala I  Qrhrrnh

Structure Summary:

Filename: WR_DD1 5_SW1 4.sc4 Printed 08-29-2007

Immediate Total Dazb Total
contnbutins contributins oir.-nlis" fillffi

(ac) (ac) 
(cfs) 

(ac-ft)

#L 30.400 30.400 0.11 0.01

#2 0.000 30.400 0.11 0.01

#3 0.000 30.400 0.11 0.01
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a^^vr i^h+ ' l  OOR -rnnt pamal.  I  q^hu,eh

Structure Detail:
Structure #1 (Erodible Channel.t

DD 15

Triangular Erodible Channel Inputs:

Material: Alluvial silts colloidal

Left Right
Sideslope Sideslope Slope (o/o) Manning's n

Ratio Ratio

Freeboard Freeboard

Depth (ft) % of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

9.0 0.02501 .0 :13.0:1 0.30 5.0

Erodible Channel Results:

Structure #2 (Erodible Channelt

sw 14

Trapezoidal Erodible Channel Inputs:

Erodible Channel Results:

w/o Freeboard w/ Freeboard

Design Discharge: 0.11 cfs

Deoth: 0.14 ft 0.44 ft

Top Width: 0.55 ft 1.75 ft

Velocity: 2.80 fps

X-Section Area: 0.04 sq ft

Hydraulic Radius: 0.062 ft

Froude Number: 1.87

Material: Fine gravel

Left Right
,#::P[., sideslope Sideslope Slope (%) Manning's n

Ratio Ratio

Freeboard Freeboard

Depth (ft) o/o of Depth

Freeboard

Mult. x
(VxD)

Limiting
Velocity

(fps)

0.02004.06.0:16 .0 :16.00 0.30 5 .0

w/o Freeboard w/ Freeboard

Design Discharge: 0.11 cfs

Depth: 0.02 ft 0.32 ft

Top Width: 6.20 ft 9.80 ft

Velocity: 0.96 fps

X-Section Area: 0.10 sq ft

Filename: WR DD15 SW14.sc4 Printed 08-29-2007
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n^^\,r i^h+ I  OOR -tnnt pamala I  q^hu,eh

w/o Freeboard w/ Freeboard

Hydraulic Radius: 0.016 ft

Froude Number: L.32

Structure #3 (Null.l

Filename: WR DD15 SW14.sc4 Printed 08-29-2007
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Subwatershed Hydrology Deta ih

stru sws sws Area t[i."

# # (ac) (hrs)

Musk K

(hrs)
Musk X

Curue

Number
UHS

Peak Runoff
Discharge Volume

(cfs) (ac-ft)

#r 1 30.400 0.118 0.000 0.000 64.000 M 0.11 0.014

x 30.400 0.11 0.014

#2 30.400 0.11 0.014

#3 30.400 0.11 0.014

Subwatershed Time of Concentration Details:
tf tyt Land Flow condition

504.00 1,800.00

Time (hrs)

0 .118

0.118

Velocity
(fps)

4.230

Vert. Dist. Horiz. Dist.
(ft) (ft)

#t 1 3. Short grass pasture

#l 1 Time of Concentration:

Filename: WR DD15 SW14sc4 Printed 08-29-2007
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CHAPTER 1

INTRODUCTION

The Canyon Fuel Company Skyline Mine has plans to expand its waste-rock disposal

pile approximately 0.5 mile southeast of the town of Scofield in Carbon County, Utah. This

document provides calculations that show how the existing waste rock pile sedimentation pond

and its associated drainage ditches may continue to sufliciently contain runofffrom the site.

This report has been prepared for Canyon Fuels by EarthFax Engineering, Inc., and contains

hydrologic analyses to determine runoffand sediment discharge for design storm events.

Engineering calculations included as appendices of this document show that the pond and one of

the ditches will continue to conform to the applicable criteria outlined in the Utah Administrative

Code Title R645-301. The other ditch will require slight modifications, which are discussed

within.

EarthFax Engineering, Inc.
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CHAPTER 2

LOCATION AND BACKGROI]ND INFORMATION

2.1 WASTE ROCK PILE DESCRIPTION

The Canyon Fuels Skyline Mine waste rock pile is located approximately 0.5 mile

southeast of Scofield, Utah near the bottom of a small ephemeral drainage. The site is a former

open pit coal mine that has been filled with waste rock from the active Skyline Mine. The

inactive pit has been nearly completely backfilled, and future plans for storing additional waste

rock call for expanding the waste rock pile upslope for approximately 120 feet.

Expansion of the waste rock pile will increase the size of the watershed contributing to

the pond, but should not significantly increase the area of exposed high erosion/runoffmaterials.

The top of the current waste rock pile is at approximately 8,050 feet. The top of the planned

expansion will be at approximately 8,170 feet. Increasing the size of the waste rock pile will

increase the contributing watershed area from 17.8 acres to 18.7 acres. Since the outslopes of the

pile are contemporaneously covered with topsoil and revegetated during construction, no more

than approximately 3 acres of unvegetated waste rock will be exposed at the ground surface.

This will minimize runoffand erosion contributing to the pond. The waste rock pile has been

constructed this way since the 1980s, and the existing sedimentation pond has never discharged

since it was constructed (Galecki, personal comm.).

DESIGN CRITERIA

The calculations in this report indicate that the pond and one of the drainage ditches that

report to it will contain storm runoffand sediment discharge from the expanded waste rock pile

as specified in the Utah Administrative Code Titles R645-301 -742 and 743. Another drainage

2 EarthFax Engineering, Inc.
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ditch requires slight modifications to conform to these requirements. The requirements include

the following criteria:

. The pond must contain the runofffiom a l0-year, 24-hour storm event and provide
volume for the storage of sediment from its catchment area.

. The pond must safely convey the peak flow from a25-year,6-hour storm event.

. Drainage ditches must safely contain the peak flow from a 10O-year, 6-hour storm event

In its current configuration, the pond has a total capacity of approximately 61,850 cubic

feet (ft3). A swale along the northwestem edge of the pond serves as a spillway that will

adequately pass the design outflow event. Additionally, an 8-inch diameter steel decant pipe

has been installed with an inlet near the bottom of the pond. The inlet is kept closed with a

butterfly valve, which can be opened to drain the impoundment.

The pond is fed by two drainage ditches. Drainage ditch DD-16 is located along the base

of the north side of the waste rock pile, and then descends a short, steep slope to reach the

sedimentation pond. The steep section of the DD-16 is a trapezoidal channel that is armored

with riprap (Dso:9 inches). The upper section of DD-I6 that parallels the access road is a

vee-shaped channel that contains no riprap lining. Drainage ditch DD-17 is located along

the western side of the waste rock pile. This ditch is vee'shaped, and contains no riprap

lining.

Earth Fax Engineering, Inc.
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CHAPTER 3

TTYDROLOGY CALCULATIONS

3.1 METHODS

Storm discharge for the area contributing to the new sedimentation pond was calculated

using the Soil Conservation Service curve number methodology as described in the National

Engineering Handbook, Section 4 (Mockus,1972). Design storm magnitudes were taken from

the National Oceanic and Atmospheric Administation (NOAA) ATLAS 14 Point Precipitation

Frequency Estimates web page (NOAA, 2006). Watershed areas, average slopes, and hydraulic

lengths were calculated from large-scale site maps using AutoCAD 2007 software. Runoff curve

numbers (CN) for undisturbed areas were based on observed vegetation and soil t1ryes as

described in the National Resources Conservation Service (NRCS) soil survey map for the area

(Jensen and Borchert, 1988). Typical CN values for disturbed areas were taken from Mockus

(1972) and from the Utatr Departrnent of Transportation (2006). Detailed hydrology calculations

are presented in Appendix A.

3.2 HYDROLOGYCALCTJLATIONSRESULTS

The sedimentation pond is fed by two watersheds. One watershed drains to the north

over the waste rock pile into drainage channel DD-l6, and one watershed drains to the west over

the waste rock pile into drainage channel DD-I7. Runoffcalculations for both watersheds are

summarized in Table I and provided in detail in Appendix A. As indicated in Table 1, runoff

volumes total 35,036 cubic feet (0.80 acre-foot) for the l0-year, 24-how event and 20,108 cubic

feet (0.46 acre-foot) for the 25-yea4 6-horu event.

EarthFax Engineering, Inc.
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CHAPTER 4

SEDIMENT VOLUME CALCULATIONS

4.I METHODS

The sediment yield of the watersheds draining to the pond was calculated using an

adaptation ofthe U.S. Department of Agriculture (USDA) Universal Soil Loss Equation (USLE)

that was developed by the Utah Water Research Laboratory flsraelsen et al., 1984). This method

assumes that all of the soil mobilizedby erosion in the entire catchment area tavels downslope

to the proposed sediment pond. Thus, the sediment volume predicted by this equation is

conservatively high. In the past 20 years, the sedimentation pond has been cleaned out only two

or three times (Galecki, personal comm.).

To assist in calculating sediment yield from the area, the contributing watersheds were

divided into seven sections based on soil type, vegetation coverage, and slope angle. The

average annual sediment yield was then summed for each section to determine the total annual

yield of the area draining into the pond. The sections included undisturbed areas with different

NRCS soil types, disturbed revegetated areas, and a disturbed non-revegetated area. It was

assumed that due to contemporaneous revegetation of the site that a maximum of approximately

3 acres of non-revegetated waste rock would be exposed at any one time. Additional

assumptions used in calculating erosion volumes are detailed in Appendix B.

4.2 EROSION VOLUME CALCULATIONS RESULTS

The estimated annual sediment discharges for each ofthe two watersheds reporting to the

sediment pond are summarized in Table l. Detailed calculations of sediment discharge are

presented in Appendix B. The total calculated annual sediment volume reporting to the

sedimentation pond is 10,330 ft3.

EarthFax Engineering, Inc.
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CHAPTER 5

5.1

SEDIMENTATION POI{D AIYD DRAINAGE DITCH IIYDRAULICS

METHODS FOR DETERMINING ITYDRAULIC CAPACITY OF THE

SEDIMENTATION POND AND DRAINAGE DITCHES

The hydraulic capacities ofthe existing sedimentation pond and drainage ditches were

evaluated by modeling the design storm events with the waste rock pile at its marimum extent.

The storage capacity of the sedimentation pond was configured to contain the runofffrom a 10-

year,24-hour precipitation event in addition to a sufficient volume of sediment yield.

Furthermore, the spillway was designed to convey the peak flow from the 25-year, 6-hour

precipitation event that immediately follows the l0-year, 24-how event. The drainage channels

DD-16 and DD-I7 were evaluated for peak flow depths and velocities in response to the 100-

year, 6-hour precipitation event. The flow calculations considered the type of channel armor (or

lack thereof) that is present at the site. The upper segment of DD-l6 was assumed to be "self-

armored" with Dso= 4 inch riprap that will likely result from finer materials being washed into

the sedimentation pond during discharge events. The waste rock contains a large fraction of

coarse materials, which are expected to accumulate in this channel, which is located at the base

of the pile. This channel will be closely monitored to see if this assumption is correct. Pond and

channel hydraulics were determined with HydroCAD 2005 software uslng the hydrologic and

erosion information discussed in Chapters 2 and 3 of this report. The dimensions of the existing

sedimentation pond and the layout of its outlet structures were re-surveyed on April 9, 2007 so

that these parameters could be used in the HydroCAD 2005 calculations.

RESULTS OF SEDIMENTATION POND I{YDRAULICS CALCULATIONS

The existing sedimentation pond can sufficiently contain the runofffrom the l0-year,24-

hour precipitation event (35,036 ft3; and will also contain an additional volume of 6,170 ft3 of

6 Earth Fax Engineering, Inc.
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sediment yield. The stage corresponding to 60% of the sediment storage capacrty (3,700 ft3; is

7,857.7 feet elevation, which is the current sediment cleanout level for the pond. This level is

approximately 5 inches below the bottom of the pond decant pipe, which is at 7,858.1 feet

elevation. The peak stage corresponding to the l00o/o of the sediment yield volume in addition to

the volume of the l0-year, 24-hour precipitation event is 7,862.2 feet elevation. The peak stage

corresponding to the 100% of the sediment yield volume in addition to the volume of the 100-

year, 6-hour precipitation event is 7,863.9 feet elevation Refer to Table 2for a sunmary of the

sediment pond design configuration and Appendix C forpond hydraulics calculations.

Raising the elevation of the inlet of the decant pipe will increase the sediment storage

capacity of the pond, and will help prevent the decant pipe inlet from being buried by additional

sediment. If the bottom of the inlet is raised 1.9 feet from 7,858.1 feet elevation to 7,860.0 feet

elevation, the total sediment storage capacity of the pond would increase from 6,170 ffto20,787

ft3. This volume exceeds two years of calculated annual sediment yield. The sediment cleanout

elevation (the stage corresponding to 60% of the sediment storage volume) would then increase

from 7,857.7 feet elevation to 7,859.0 feet elevation. If the decant pipe inlet is raised to 7,860.0

feet elevation, the peak stage corresponding to 100% of the sediment storage capacity (20,787

ft3) combined with the l0-year, 24-hourprecipitation event (35,036 ft3) would be 7,863.5 feet

elevation. This stage is below the elevation of the spillway (7,864.0 feet elevation).

Assuming the pond is initially full to the elevation of the spillway (7,864.0 feet

elevation), its peak outflow during the 25-yearo 6-hour precipitation event was calculated to be

6.60 cubic feet per second (cfs) at a velocity of 1.3 feet per second (fps). This discharge is low

enough to be considered nonerosive, and thus no erosion protection is required on the

embankment. The peak stage in this scenario is 7,864.28 feet, which is 0.72 feet below the crest

of the embankment.

EarthFax Engineering, Inc;
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RESULTS OF DRAINAGE DITCH ITYDRAULICS CALCULATIONS

The hydraulic analysis of the drainage ditches confirms DD-l7 will suffrciently contain

the design precipitation event, but modifications are required for DD-16 in order for it to contain

the design precipitation event. Drainage ditch DD-16, which drains the northern slope of the

waste rock pile, was modeled as two segments. An upper segment represented the channel that

parallels the access road north of the waste rock pile and a lower segment represented the steep,

armored trapezoidal channel that leads from this road down to the sedimentation pond. Drainage

ditch DD-I7, which drains the westem slope of the waste rock pile, was modeled as a single vee-

shaped channel.

The peak stage in DD-17 during the design precipitation event was calculated to be 1.03

feet deep with a peak flow velocity of 4.96 feet per second (fus). According to these

calculations, this flow is non-erosive and would be safely conveyed by ditch DD-l7 without

modifications. Refer to Table 3 for a sunmary of drainage ditch hydraulics and to Appendix C

for hydraulics calculations,

Drainage ditch DD-16, however, requires slight modifications in order to successfully

convey runoff due to the design precipitation event. Two ditch design alternatives are presented

below. The first alternative is to expand upper DD-16 so that it is 1.5 feet deep and 6 feet wide

with 2H:lV side slopes. Using this design, the peak stage in the upper segment of DD-I6 was

calculated to be I .26 feet deep with a maximum flow velocity of 5.86 $s. The corresponding

peak stage in the lower segment of DD-16 was calculated to be 0.27 feet deep with a marimum

flow velocity of 6.4 &s. The upper section of drainage ditch DD-16 was assumed to become

"self-armored" due to finer particles being transported into the sedimentation pond. This channel

will be closely monitored, especially after snowmelt and rain storms, so that appropriate actions

EarthFox Engineering, Inc,
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can be taken if excessive erosion occurs. The lower portion of DD-l6, which is armored with

Dso : 9 inch riprap, was calculated to be adequately protected against erosion. Refer to Table 3

for a summary of drainage ditch hydraulics and to Appendix C for hydraulics calculations.

The second alternative is to install a 30 inch diameter comrgated metal or plastic half

round pipe along upper DD-16. Using this design, the peak stage in upper DD-16 was calculated

to be 0.89 or 1.00 feet deep with a maximum flow velocity of I1.24 or 13.21 fts, if comrgated

metal pipe (CMP) or High Density Polyethylene (HDPE) is installed, respectively. The

corresponding peak stage in the lower segment of DD-I6 was calculated to be 0.29 feet with a

peak flow velocity of 6.5 fos for both CMP and HDPE. Refer to Table 3 for a summary of

drainage ditch hydraulics and to Appendix C for hydraulics calculations. The high velocity of

the water as it leaves upper DD-l6 and enters lower DD-16 is sufficient to erode the existing

(Dso:9 inch) riprap. Thus, this rip rap must be replaced wittr Dso : 15 inch rip rap or stabilized

with concrete grout for a length of at least 6 half round diameters (15 feet) down from the bottom

of upper DD-l6 and a width of at least 3 half round diameters (8 feet) along the center of lower

DD-16 (Thompson et aI,2000).

9 EarthFox Engineering, Inc.
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CIIAPTER 6

CONCLUSIONS

This report confirms that the existing sedimentation pond at the Canyon Fuels Skyline

Mine waste rock pile will continue to adequately contain precipitation runoff and sediment yield

during expansion of the pile for the design events specified in Utatr Administrative Code Title

R645-301. Drainage ditch DD-I7 will also continue to satisS regulatory requirements. Minor

modifications to DD-l6, which may include either expanding the upper portion of the channel or

installing comrgated half round pipe in the upper portion of the channel and stabilizing some

existing riprap in the lower portion of the channel, are detailed in this document. Furthermore,

by raising the decant inlet in the sedimentation pond 1.9 feet to an elevation of 7860.0 feet, the

pond will be able to contain significantly more sediment yield in addition to the design runoff

event.

l0 EarthFax Engineering, Inc.
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Table I
Summary of Hydrolory and Erosion Volume Calculations

Note
Refer to Appendices A and B for hydrolog5r and erosion volume calculations, respectively

Waste Rock Sedimentation Pond Analysis
August 15,2007
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Table 2
Summary of Sedimentation Pond Hydraulics

Current bottom ofpond elevation (ft) 7,85',1

Top of embanlcnent elevation (ft) 7,865.0

Existine spillway (swale/weir) elevationr (ft) 7,864.Q

Decant oipe inlet elevation (ft) 7.858.1
Decant pipe outlet elevation (ft) 7.856.0
Lensth ofdecant oioe (ft) 29.0
Current sediment storage volume (ft3) 6,170
Current sediment storage cleanout elevation (ft) 7.857:l
Curent sediment storase cleanout volume (ft3) 3,702
2 X Annual sediment storage elevation (ft) 7.860.C
Sediment storage volume if decant pipe inlet raised to
7.860.0 feet (ft1

20,787

Sediment storage cleanout elevation if decant pipe inlet
raised to 7,860.0 feet (ft3) 7,859.0

Sediment storage cleanout volume if decant pipe inlet raised
to 7.860.0 feet (ft3) 12,463

Current l0-year, 24-hour precipiation event plus 6,170 ft3
lediment storase peak staee elevation (ft)

7,862.2

l0-year, 24-hour precipitation event plus 20,787 ff
sediment storage peak stage elevation - assulnes decant inlet
raised to 7.860.0 feet (ft)

7,E63.5

100-year, 6-hour precipitation event plus 20,7E7 f
sediment storag€ peak stage elevation - assumes decant inlet
raised to 7.860.0 feet (ft)

7,863.9

Spillwav desien event neak elevation2 (ft) 7.864.28

Spillway desien event peak flo# (cfst 6.6

Spillway desim event peak flow veloci# (fos) t . 3

Notes:
I The existing spillway is a I ft deep X 18 ft long X l0 ft broad swale on the top of
the pond embankment.
' IncLrder 25-year,6-hour precipitation event with the pond initially full to ttre
spillway elevation.

EarthFax Engineering, Inc.
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Teble 3
Summary of Dreinage Ditch Hydraulics

Channel X-section

l00yr 6hr
Max Flow

(cfs)
Avg. Slope

(ff/ft)
Man Deptt

(ft)
Max Vel.

(tus)
D5s Riprap

(in)
Manning's

n*
Upper DD-I6
(Armored V)

t
J, 22.3 0.083 t.26 5.86 4 0.050

Upper DD-16
(CMP %Round) 22.3 0.083 1.00 tI.24 none 0.025
UpperDD-16

(HDPE /zRound)

+
l r2s '

Y 22.3 0.083 0.89 13.21 none 0.020

LowerDD-16
2h:'li
9lop€9 18.53 0.33 0.27 6.4 9 0.054

DD-17 8 . 1 0.041 1.03 4.96 none 0.034

Upper DD-16 will either be constructed as a rip-rap armored V-shaped channel, or with 30-inch diameter half-round
comrgated HDPE or metal pipe. Hydraulic calculations for each of these options are shown h Appendix C.
*Adjusted for riprap size according to USDOT FHWA IIEC No. I I and NUREG/CR 4651, unless no riprap exists (See
Appx C). Note that a D5e of 4 inches was assumed for upper DD-16, due to the erosion of fines and the raveling of coarse
material from the waste rock pile into the ditch.
For upper DD-I6, annored V-channel option (l-60 foot deep flows) n:0.0395 X (Dro)t'u where D5e (inches) is the mean
riprap diameter.
For lower DD-I6 (cascading flow) n : 0.M56 X (Dso X S)0r5ewhere Dso (inches) is the mean riprap diameter and S (ff/ft)
is the channel slope. Note that if half round plpe is used for upper DD-16, concrete stabilization is required for the upper
l5 feet of riprap in lower DD-I6.
Calculations assulne boftom ofchannel is graded at a relatively constant slope.
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Precipitation Frequency Data Server Page I of5

POINT PRECIPITATION
FREQUENCY ESTIMATES
FROiI NOAA ATLAS 14

Utah39.72 N ll1.15l W t106 feet
fiom ihccipitation-Frcquency Atlas of {rc Unitcd Strtes' NOAA Attas 14, Volumc l, Vcrsion 4

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yckt4 and D. Riley
NOAA, National Wedhm Scrvicc, Silvcr Spring, Maryland,2006

http:/lhdsc.nws.noaa.gov/cgi-bin/trdsc/buildout.perlfiype=pf&series=pd&units:us&state... 12/1812006

Exfractcd: Mon Dcc I E 2006
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W? , \\ t^.r".r ', utdo* u'tz U .9 o't /d | .p Ap / l,/ = tzb ./sn,," /c L 2
IuDor Manual of lnshtdion - Roaduvav Dle,inago (customary lJnits), H@rotogy

Average runoff condition and l" = 0.2S.

Poor: < 5oo/o ground cover or heavily grazed with no mulch
Fair: 50% to 75% ground cover and not heavily grazed
Good: > 75o/o ground cover and lightty or only oicisionally grazed

Poor: <sOVo gr6und cover
Fair: 50% to 75Vo ground cover
Good: > 75o/o ground cover

Actual curve Number is less than 30; use cN = 30 for runoff computations.

CNs shown were computed for areas with 50% grass (pasture) cover. Other combinations of
conditions may be computed ftom CNs for woods and pasture.

Poor: Forest litter, smalltrees and brush are destroyed by heavy grazing or regular burning.
Fair: Woods grazed but not burned, and some forest fitter cove-rs the soit.
Good:woods protected from grazing; litter and brush adequately cover soil.

TABLE 7 -14 - Other Agrlcuttural Landsr

Cover Description Hydrologic
Condition

Curve Numbers for
Hvdrolooic SoilGrouo

Cover Type A B c D

Pasture, grgssfand, or range - continuous forage
for graving '

Poor 68 79 86 89
Fair 49 69 79 u

Good 39 61 74 80

Meadow - continuous grass - protected from
grazing and generally mowed for hay 30 58 71 78

Brush - brush-weed-grass mixture with brush the
major element "

Poor 4 8 - 6Z 77 83
Fair 35 56 70 77

Good 30' 48 65 73

Woodg -grEtss combination (orchard or tree
farm)'

Poor 57 73 82 86
Fair 43 65 76 82

Good 32 58 72 79

Woodso
Poor 45 66 77 83
Fair 36 60 73 79

Good 3o' 55 70 77

Farmsteads - buildings, land, driveways and
surrounding lots 59 74 82 86
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Table B-2
LS Calculations for Eroslon Galculations

Aruas Dralning to DD-16 (North)

Undisturbed Area above Pile

slope (7o) 27.8
LS (900 foot long slope)
LS (12 75-ftsegments)

Notes:
LS = ((65.41s^2/s^2+10,000) + 4.56V(s^2+10,000)^0.5 + 0.065) I (W2.qn.S for stopes > 5%
s= slope (o/o), | = length (ft)
Total LS = LSgOOft / (No. segmenb)^0.S = LS900ft / (12^0.5), as per lsrealson et al, 1984
This calculation assumes that the runofffrom this area is primarily directed away from the waste rock pile,
either towards (1) the drainage channel along the WRP access road or (2) atong the rrestem perimeter of
the WRP.

Waste Rock Pile

Notes:
Assumes runoff flows down the relatively flat top ( segment 1) of the WRP and down the outslope
LSn for segment 2 has been divided by Zo'u due to the presence of the erccess road which seryes to break
this slope into 2 parts
ln = length of slope segment (ft).
l.n = cumufative length of slope to end of In (ft)
15 = ((65.41s^Zs^2+10,000) + 4.56V(s^2+10,000)^0.5 + 0.065) I (V72.6) 0.5 for slopes > 5%
LSn = (LS(lnsn)ln, LS(ln-lsn)ln-l) / In
Erosion calculation as per lsrealson et al, 1984

Dlsturbed Area Drainlng to DD-17 (Wes$

21.05
6.08

u.23
sfope (%) 45.8o/o
LS (500 foot long slope)

Notes:
LS = ((65.41s^Zs^2+10,000) + 4.56s(s^2+10,000)^0.5 + 0.065) I (W2.6) 0.5 for slopes > 5%
s= sfope (o/ol, | = length (ft)

segment (n verticaldropcum. Vert drop In ln slope (s) LS (snl.n) LS (snLr) LSn
0 c 0 c 0
1 2A 20 21Q 210 9.5 1.85 0.00 t .u5
2 200 22C,41Q 624 48.8 42.71 24.89 64.68 45.7
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Schematic drawing of HydroCAD Modef
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10-24 WRP EXP, Existing Pond
Prepared by {enter your oompany name her4

Type ll 24-hr Rainfall=l.99'

Subcatchment 25: WSI

Runoff = 11.U cfs @ 12.03 hrs, Volume= 0.641 af, Depth= 0.52"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00148.00 hrs, dt= 0.05 hrs
Type ll 24-hr Rainfall=1.99"

Area (sfl CN Description _
649,910 79

Tc Length Slope Velocity Capacity Description
(min) _@t) (fr/ft) (fr/sec) (cfs)

9.8 2,056 0.3580 Lag/GN ilethod,



10-24 WRP EXP, Existing Pond Type ll 24-hr Rainfall=l.99'
Prqpqred by {enter your oompany name here}
HvdroCADD 7.10 s/n 003900 @ 2005 HvdroCAD Sofrrrare Solutions ttc 4/2312007

Subcatchment 1S: WS2

[49f Hint Tc<2dt may require smallerdt

Runoff = 3.53cfs@ 11.96hrs, Volume= 0.163af, Depth= 0.S2',

lunoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-48.@ hrs, dt= 0.05 hrs
Type ll 24-hr Rainfall=1.99"

Area (sf) CJ.l Description
1il,973 79

Tc Length Slope
(min) (feet) (tft)

Velocity
(ftlsec)

Capacity Description
(cfs)

4.2 900 0.5190 Lag/CN tethod,



100-6 WRP EXP, Existing Pond
Prepared by {enter your company name

Type ll 24-hr 6.00 hrs Rainfall=2.12"

Inflow Area =
Inflow =
Outflow =

14.897 ac,
22.27 cfs @
18.30 cfs @

Inflow Depth = 0.59'
3.11 hrs, Volume=
3.21 hrs, Volume=

0.738 af
0.738ai Atten= 18o/o, Lag= 6.4min

Routing by Stor-lnd+ 0.00-48.00 dt= 0.05 hrs
Max. TravelTime=
Avg. Velocity = 1. Avg. Travel Time= 11.6 min

Peak Storage= 3,830 cf @ 3.16 hrs, Average Depth at Peak Storage= 1.26'
Bank-Full Depth= 1.50', Capacity at Bank-Full= 29.59 cfs

ceqk vclrci \  .onsi&.rcd
6!on-eror ' ru . '  S l (  DO'  l "
o^ 2.H :  ly '  cU,*tnrrel  t i lL
5 f o p c E  c c c .  : l ' n e C

r\b. t f  ,  F+lu4 lglB

0.00' x 1.50' deepchannel,

Length= 1,200.0' Slope= 0.0833'/

11: o.ol f f  (Or.)"
6\c /c- D," , t t "r+x f..,lr'n
s i+c-  i ^ i ' - . , ' ' ^ t l  (q r t t . r r ' . ,  ! " )

$.  5-b w*z.yeA t lP r" f

(  Aror. er*t  r  l t  s 1)
Inlet lnvert= 8,010.00', Outlet Invert= 7,910.00'

Reach fR{ Upper DD-16



100-6 WRP EXP, Existing Pond Type ll 24-hr 6.00 hrs Rainfall=2.l2"
Prepared by your company name herQ

003900 @2006

Reach 7R: Upper DD-16 HDPE

[52] Hint: Inlet conditions not evafuated -+ tnlc-t eond itiorts ** l-

Inflow Area = 14.897 ac, Inflow Depth = 0.59"
f nffow = 22.27 cfs @ 3.11 hrs, Volume=
Outffow = 20.22 cfs @ 3.16 hrs, Volume=

a,gpllc.",bLt 6" t"l{ -a''J ipe-

0.738 af
0.738 af, Atten= 9o/o, Lag= 3.1 min

Routing by Stor-lnd+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 13.r, fps, Min. Travel Time= 1.5 min
Avg. Velocity = 4.99 fps, Avg. TravelTime= 4.0 min

Peak Storage= 1,879 cf @ 3.13 hrs, Average Depth at Peak Storage= 0.89'
Bank-Full Depth= 2.50', Capacity at Bank-Full= 76.96 cfs

30.0" Diameter Pipe, n= 0.020 Corrugated PE, corrugated interior
Length= 1,200.0' Slope= 0.0833'/'
Inlet Invert= 8,010.00', Outlet Invert= 7,910.00'

3o'd cocr . . /5a* t t l  HuPe h" l {  to* 'nJ PiP€-



{00-6 WRP EXP, Existing Pond
Prepared by {enter your company name here}

Type ll 24-hr 6.00 hrs Rainfall=2.l2"

HydroCAD<O 8.00 s/n 003900 @ 2006 HvdroCAD Software Solutions LLC 8l15l2OO7

Reach 5R: Upper DD-16 CMP
rlrf af , on4ifiortg

[52] Hint: Inlet conditions not evaluated -) nilF'^rtf;'.qUle 4r Yz r"un{ piTe-'

lnflow Area = 14.897 ac, Inflow Depth = 0.59'
lnflow = 22.27 cfs @ 3.11 hrs, Volume=
Outffow = 20.02 cfs @ 3.17 hrs, Volume=

0.738 af
0.738 af, Atten= 10%, Lag= 3.6 min

Routing by Stor-lnd+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. VelociV= 11.2+ fps, Min. TravelTime= 1.8 min
Avg. Velocity = 4.05 fps, Avg. Travel Time= 4.9 min

Peak Storage= 2,191 cf @ 3.13 hrs, Average Depth at Peak Storage= 1.00'
Bank-Full Depth= 2.50', Capacity at Bank-Full= 61.57 cfs

30.0" Diameter Pipe, n= 0.025 Corrugated metal
Length= 1,200.0' Slope= 0.0833'/'
lnlet lnvert= 8,010.00', Outlet Invert= 7,910.00'

30" d Cnrru3.kd t\4e-+*l h- l f  rou,^ /  F 'Pq



100-6 WRP EXP, Existing Pond Type ll 24-hr 6.00 hrs Rainfall=2.l2"
Prepared by {enter your company name here}
HydroCAD@ 8.00 s/n 003900 @ 2006 HvdroCAD Software Solutions LLC 712612007

Reach 2R: Lower DD-16 fiisune9 v- s[.""t'l
a  epTe r  DO- lb

lnflow Area =
f nflow =
Outflow =

14.897 ac, Inflow Depth = 0.59"
18.53 cfs @ 3.21 hrs, Volume=
18.18 cfs @ 3.22 hrs, Volume=

O.738 at
0.738 af, Atten= 2o/o, Lag= 0.5 min

Routing by Stor- Trans 0.00-48.00 dt= 0.05 hrs
Max. ravelTime= 0.4 min
Avg. Velocity = Avg. TravelTime= 1.1 min

Peak Storage= 390 d @3.21hrs, Average Depth at Peak Storage= 0.27'
Bank-Fufl Depth= 2.00', Gapacity at Bank-Full= 577.22 cfs

.  a.r iq
1O.OO'  x  2.00 '  deepchann" l ,@ 1a '  o .o\s t '  (D$xS)

!Jt^.>!^- OF i5i e' i-cl^r4'
( o .33  )

e r.q,v Ve-toc'i\^ 
c-o*s' <hJ

^o".-  .vrsive +!."  O*- ?"

;^  ZH: tV  c t " *nnr . \  q ida

3/ope s e cc. {r  H€c }ro. l l r

FH,^rA tqlg

Side Slope Z-value= 2.Q'l Top Width= 18.00'
Length= 135.0' Slope= 0.3333'/'
lnlet Invert= 7,910.00', Outlet lnvert= 7,865.00' f l r  c q s c ; t i n q  g l o s :

S.."^ Aut z{ ^1, tr8?



100-6 wRPEXP, Existing Pond Type ll 24-hr 6.00 hrs Rainfall=2.l2"
Prepared {enter your company name here}

s/n003900 @2006

Reach 2R: Lower DD-16
A e9.tueS,Cn-? 

r' ,i. Ro,:*l in
upser  DD-16

lnflow Area =
lnflow =
Outflow =

14.897 ac, Inflow Depth = 0.59"
20.22 cfis @ 3.16 hrs, Volume=
19.77 cfs @ 3.17 hrs, Volume=

0.738 af
0.738 af, Atten= 2o/o, Lag= 0.5 min

Routing by Stor-lnd+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 6.61 fps, Min. TravelTime= 0.3 min
Avg. Veloci$ = 2.21fps, Avg. Travel Time= 1.0 min

Peak Storage= 412 cf @ 3.16 hrs, Average Depth at Peak Storage= 0.29'
Bank-Fuff Depth= 2.00', Capacity at Bank-Full= 577.22 cls

10.00' x 2.OO' deep channel, n= 0.054
Side Slope Z-value= 2.O'f Top Width= 18.00'
Length= 135.0' Slope= 0.3333'/
lnlet lnvert= 7,910.00', Outlet Invert= 7,865.00'



100-6 WRP EXP, Existing Pond
Prepared by {enter your company name here}

Type ll 24-hr 6.00 hrs Rainfall=2.l2"

003900 @2006 Solutions LLC

Reach 2R: Lower DD-16 CUP ,h
vPpe(

0.738 af
0.738 af, Atten= 3%, Lag= 0.6 min

ssoneS
R o . r a o (  i a

D D - ' b

f nflow Area = 14.897 ac, Inflow Depth = 0.59"
lnffow = 20.02 cfs @ 3.17 hrs, Volume=
Outflow = 19.50 cfs @ 3.17 hrs, Volume=

Routing by Stor-lnd+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 6.5a fps, Min. TravelTime= 0.3 min
Avg. VefociV = 2.15 fps, Avg. TravelTime= 1.0 min

Peak Storage= 409 ct @3.17 hrs, Average Depth at Peak Storage= 0.29'
Bank-Full Depth= 2.00', Capacity at Bank-Full= 577.22 cfs

10.00' x 2.00' deep channel, p= 0.054
Side Slope Z-value= 2.0'l' Top Width= 18.00'
Length= 135.0' Slope= 0.3333'/
Inlet Invert= 7,910.00', Outlet lnvert= 7,865.00'



100-0 WRP EXP, Existing Pond Type ll 24-hr 6.00 hrs Rainfall=2.l2"
Prepared by {enter your company name here}
HvdroCAD@ 8.00 s/n 003900 @ 2006 HvdroCAD Software Solutions LLC 712612007

Reach 4R: DD-17

Inflow Area = 3.785 ac, Inflow Depth = 0.59'
Inflow = 8.10 cfs @ 3.04 hrs, Volume=
Outflow = 6.66 cfs @ 3.08 hrs, Volume=

0.187 af
0.187 af, Atten= 18%, Lag= 2.4 ttn

goou v., lori12 39' ofr srRouting by Storjgg[fg1g I tme = 0.00-48.
Max.

Avg. TravelTime= 3.3 min
Coagi&4n r} ta,cwr' €eoi\ vI t

filo q-r i,ior f 
"1t 

J
Avg. Velocity =

Peak Storage= 591 cf @ 3.05 hrs, Average Depth at Peak Storage= 1.03'
Bank-Full Depth= 1.20', Capacity at Bank-Full= 1 1.86 cfs

0.00' x 1.20' deep channel, n= 0.034
Side Slope Z-value= 1.0 2.0'/' Top Width= 3.60'
Length= 370.0' Slope= 0.0405'/
Inlet Invert= 7,880.00', Outlet Invert= 7,865.00'



25-6 Weir WRP EXP,Existing Pond Type ll 24^hr 6.00 hrs Rainfall=1.58"
Prepared by {enter your company name here}
HvdroCAD@ 7.10 s/n 003900 @ 2005 HvdroCAD Software Solutions LLC 412312007

Pond 3P: Existing Sed Pond

lnflow Area = 18.682 ac, Inflow Depth = 0.30,
fnflow = 9.22 cts @ 3.19 hrs, Volume=
Outflow = 6.69 cfs @ 3.28 hrs, Volume=
Primary = 6.69 cfs @ 3.28 hrs, Volume=

0.462 at
0.462 af, Atten= 28o/o, Lag= 5.4 min
O.462 at

Routing by Stor-lnd method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Starting Elev= 7,864.00' Surf.Area= 11,792 sf Storage= 61,854 cf
Peak Efev= 7,864.28'@ 3.28 hrs Surf.Area= 11,978 sf Storage= 65,172 ct (3,318 cf above start)
Plug-Flow detention time= (not calcufated: initial storage excedes outflow)
Center-of-Mass det. time= 12.2 min (247.G - 295.4)

Volume lnvejt Avail.Storage Storaqe Description
#1 7,857.00', 73,982 cl Custom Stage Data (lrregular) Listed below (Recalc)

Efevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

7,857.00
7,858.00
7,860.00
7,962.00
7,864.00
7,965.00

4,499 300.0
6,582 346.0
8,755 399.0

10,279 417.0
11,792 444.0
12,466 454.0

0
5,502

15,285
19,014
22,054
12,127

20,787
39,801
61,854
73,982

9,435
11,460
13,500
14,U4

0 4,488
5,502 6,875

Device Routing Invert Outlet Devices
#1 Primary 7,864.00' 18.0'long x 10.0'breadth Broad-Crested RectangularWeir

Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.U

lrimary OutFlow Max=6.60 cfs @ 3.28 hrs HW=7,864.28' (Free Discharge)
Ll=Broad-Grested Rectangularweir (weir controls 6.60 cfs @ 1.3 fps)



100€WRP EXP, Existing Pond
Prepared by {enter your company name here}

Type Il 24-hr 6.00 hrs Rainfall=2.|2"

HvdroCAD@ 7.10 s/n 003900 @2005 HvdroCAD Software Solutions LLC 412412007

Pond 3P: Existing Sed Pond

Inflow Area = 18.682 ac, Inflow Depth = 0.59'
lnflow = 20.77 cfs @ 3.20 hrs, Volume=
Outflow = 0.00 cfs @ 0.00 hrs, Volume=
Primary = 0.00 cfs @ 0.00 hrs, Volume=

0.925 af
0.000 af, Atten= 1O0o/o, Lag= g.g t,n
0.000 af

Routing by Stor-lnd method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Starting Elev= 7,860.00' Surf.Area= 8,755 sf Storage= 2A,787 d
Peak Efev= 7,863.93' @ 26.60 hrs Surf.Area= 11,740 sf Storage= 61,075 cf (40,288 cf above start)
Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storaqe Storaqe Descriotion
#1 7,857.O0', 73,982 ct Gustom Stage Data (lrregular) Listed below (Recalc)

Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)

7,857.A0
7,858.00
7,860.00
7,862.00
7,864.00
7,865.00

QeUce rRouting

4,488 300.0 0
6,582 346.0 5,502
8,755 399.0 ,15,295

10,279 417.0 19,014
11,792 444.0 22,054
12,466 454.0 12,127

Invert Outlet Devices

0 4,488
6,875
9,435

11,460
13,500
14,U4

5,502
20,787
39,801
61,854
73,982

#1 Primary 7,804.00' 18.0'long x 10.0'breadth Broad-Grested RectangularWeir
Head (feet) 0.20 O.4O 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.M

lrimary OutFlow Max=0.00 cfs @ 0.00 hrs HW=7,860.00' (Free Discharge)
L1=Broad-Crested RectangularWeir ( Controls 0.00 cfs)
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4.3 .1  Es t imat ing  l , lann ing 's  n  fo r  Cascad ing  F low

The average l , lanning's roughness value, n,  was computed for each fai lure

test  based on f low veloci t ies and depths measured pr ior  to fa i lure,  and are

p lo t ted  versus  the  med ian  s tone s ize ,  D5g,  in  F ig .4 .7 .  I t  i s  observed

in  F ig .  4 .7  tha t  the  n  va lues  fo r  1% and 2% s lopes  fa l l  c lose ly  to  the  so l id

l ine represent ing a relat ionship developed by Anderson et  a l .  (see Sect ion

4.3.21. However,  the n value for each stone size increased as the s lope of

the ernbankment increased, and the n value is over 40% higher when

Depth/D56 < 2 (cascading f low condi t ions) than when Depth/D5g is

grea ter  than 2  (Tab le  4 .8 ) .

A median stone size-slope parameter (DSO x S) was correlated to

the  Mann ing 's  n  va lue  fo r  the  CSU data  as  presented  in  F ig .4 .B .  Combin ing

the median stone size and slope in one parameter appears to have reduced the

data scatter.  The relat ionship can be expressed as:

n = o.o4bo (Dso x s1o' tss (4 .8 )

where  DSO is  in  inches .  The cor re la t ion  coef f i c ien t ,  12 ,  i s  0 .90 .

Thenefore,  a Manning's n value can be est imated for a r ipnapped surface in

cascading f low as a funct ion of  the median stone size and slope.

4.3.2 Comparison of  Procedures

A cormonly used expression for determining Manning's n for  r iprap was

presented by Anderson et  a l .  (1970) as
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n =  0 .0395 (D5o)1 /6 (  4 .9 )

where DSO is the nBdian stone size in feet .  This relat ionship,  wtr ich

was developed from natural  streams with s lopes less than Z% for uni form f low

cond i t ions  over  submerged r ip rap  is  shown as  the  so l id  l ine  in  F ig .  q . l .

However,  the Anderson et  a l .  (1970) relat ionship is conrnonly used and

extrapolated to est imate roughness on steep slopes. Anderson et  a l .  d id not

consider the resistance to be a funct ion of  s lope.

The u .s .  Army corps  o f  Eng ineers  (cOE,1970)  have a lso  deve loped a
procedure for est imat ing Manning's n value. Al through the COE procedure was
formula ted  fo f  f la t  s lopes  and deep. f low depths  ( l -60  f t ) ,  i t  i s  rou t ine ly

app l ied  to  es t imate  f low res is tance o f  s teep s lopes .  The Mann ing ,s  n  i s

ca lcu la ted  as

R1/6

23.85  +  ?L .95  log1O (R/K)
(  4 .10  )

where R is the hydraul ic radius and K is the equivalent roughness height in
f t .  The equivalent roughness for stone l ined channels is the theoret ical

spher ica ' l  d iameter  o f  the  med ian  s tone s ize .  The hydrau l i c  rad ius  is

approximated with the depth of  f low in wide channels.

The csu and Anderson et  a l .  (1970) equat ions wer€ compared to

demonstrate the ef fect  that  s lope has on the Manning,s n.  The Manning,s n

values were approximated by apply ing Eq. 4.g and Eq .  4.g fon median stone
s izes  o f  2 .2  inches  and  5 .1  inches  on  s lopes  o f  l%,2%,5%,  !0% and  z } i ' .

l l =
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The resu l ts  o f  the  ana lys is  (Tab le  4 .9 )  ind ica te  tha t  a t  s lopes  be low 2%,

the Anderson et  a l .  equat ion y ie lds s l ight ly greater n values (approximately

10%) than does the CSU equat ion.  The CSU and Anderson et  a l .  re lat ions

coincide at a slope between 2% and 5%.

The CSU and Anderson e t  a l .  re la t ions  y ie ld  s ign i f i can t ly  d i f fe ren t

Mann ing 's  n  va lues  a t  s teep s lopes  (>10%).  The Anderson e t  a l .  n  va lue

remains constant at  0.034 for a s. l - inch stone (DSO) f .or  a l l  s lopes.

However,  the CSU equat ion y ie lds an n va' lue of  0.046 for a s. l - inch stone

(DSO) at  20% slope, a value 35% greater than pr.edicted by Anderson et

al .  I t  is  evident that  the Anderson et  a l .  formulat ion can lead to

erroneous designs i f  appl ied to s lopes greater than Z%.

An at tempt was also made to compare the Manning's n value from the U.S.

Army Corps of  Engineers procedure (C0E, 1970) wi th the CSU resul ts presented

in  F ig .4 .8 .  As  observed in  Tab le  4 .9 ,  the  COE n  va lues  are  less  than the

Anderson et  a l .  and CSU values at  s lopes less than L0%. However,  the COE

value meets or exceeds the Anderson et  a l .  and CSU n values for s lopes of

10% or greater.

It should be noted that the CSU equation was based on computed average

n values and does not indicate the upper nange of  local ized n values which

extended from 0.06 to 0.08. Appendix C, Surmary of  Hydraul ic Data,  presents

the local ized n values resul t ing f rom each test  of  the test ing program.

4 .3 .3  Bed  Cr i t i ca l  Sh ie lds '  Coe f f i c ien t

The bed c r i t i ca l  Sh ie ldsrcoef f i c ien t ,  Cc ,  was  computed fo r  each tes t

as presented in Table 4.6 and Tabl  e 4.7.  The Shields '  coeff ic ient  of  each
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Ileclgn of opcn Chonnelc t-[ee.q,

toblc 4.lt Calculations forExamplc Problem 4.19

druto o^J l<4 i,".*^h,I- 'k Sr*',o2(

o!" t??

Dgo

Mrnniryrr
n

Dcpdrb
oqrvcy
flow
(ft)

llarirnum
rrtivc
frrccqr
chrnrcl

bd
0b,nl)

Ganncl
bcd

rnbility
ftcto(
(qb)

Srftty
Ircfrt
for

clunncl
bcd

(sFt)

Mrrinum
lutivc
forcc
on

wdls
0b,t3)

Ctanncl
wall

$$ility
ftctor
(q)

Ounn
wdl

raftt,
frtol
(sD

1.7
2.O
25
2.2

0.(X3
o.u4
o.w
0.(x5

o.72
o.73
o.75
o.74

4.49
,f.5t

4.8
1.62

0541
o.6t
o.3t2
o.4E

r.53
r.72
2.(n
Lt4

3.11
3.4t
3.56
3.51

0.3(8
0.26t
o.2x)
o.2{l

r.36
1.45
t56
r.50

F -,^o-tf

: , " n - ' [
2 sin(2r.8) fr.404 tan(+z)r+ sin(s.7l) J'

'Usc a riprap witiaDnof 2.2 ft fc borh channcl ridcs rnd bonom.

From Eq. (4.46),

f fr$tfl:i.l+ ."{ t. : :l-ilir l"f +.:jtn63

O.lDEo o.5D5o

a-lg Suggccted sizc distribution of riprap (aftcr Simons aad

tgn,tgn\

l

o*
cos(

oos

/n t""2sina
-l
sin ,r J
s.7r)

o
€

E

t
F :25.1"

From Eq. (4.48),

+ sin(5.71

?'-  0.308.

From Eq. (4.45),

cos a tan f
S F :

q ' t a n Q * s i n a c o s p

cos(21.E) tan(42)

0.308(tan(42)) + sin(21.8) cos(r.l)

SF - 1.36.

Thus the riprap is stablc, but does not have the required
safety factor of 1.5. The selection of an acccptablc riprap for
the channcl side slopcs will bc made using trial and crror.
Thc calculations are iu Tablc 4.13. It is assumed that thc
riprap on the channcl bed will bc the samc as that uscd on
the side slopcs. It would obviously bc possiblc to vary thc
side sfopes and channcl width to obtain a smallcr D$.'I\e
linal sclection of channel dirncnsions and riprap sizc would
have to bc bascd on cconomics.

Selec{ing Proper Gradetion

It is important for a riprap to have a gradation such
that the voids between thc larger particles are fiIled
with smdler particles to reduce flow beneath the riprap
and the forrration of open pockets. A suggested grada-
tion for riprap has been made by Simons and Senturk

,-,[v#e] -,*[, 7r + 2s.r0)l
2 l

(1977, t9921 based on studies at Colorado State Uni-

versity. The proposed gradation is shoqm in Fig' 4'19'

Selecting an Undcr[ing Fllter

The placement of a properly designed filter blanket

underneath the riprap is necessary when the particle

size of the riprap is much larger than that of the base

material. ftJ tottou,ing criteria have been established

for sizing the filter, based on the size distribution of

the riprap and the base material:

also

also

These criteria were developed for sizing filters
around drain pipe to prevent piping of the soil into the

too
90
80
70
60


